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Optimizing Outcomes  
with Enhanced Recovery

Julie Thacker and Nancy Morin

Key Concepts
• Enhanced recovery is the process of defining modifiable 

sources of perioperative stress to the surgical patient and 
applying standardized evidence-based interventions 
through all phases of care to avoid complications, facili-
tate faster recovery and discharge (without increasing 
readmission rates), and reduce hospital costs.

• Champions from surgery, anesthesia, and nursing are essen-
tial to the ERAS team, while other members for protocol cre-
ation include pharmacy, IT, nutrition, and administration.

• Key elements of patient care delivery can be broken down 
into five phases, each assigned to and delivered by a dif-
ferent team while certain elements present across phases: 
preoperative, perioperative, intraoperative, postoperative, 
and post-discharge.

• Implementation of the Enhanced Recovery Program, 
ERP, requires order sets, team education, and administra-
tive help as well as databases to facilitate data collection 
and ensure optimal compliance and quality control.

• ERAS principles are widely applicable and have been 
proven safe and beneficial in emergency and IBD patients, 
those with diverting ostomies, and elderly patients, real-
izing that readiness for discharge rather than length of 
stay is a more accurate outcome measure.

• Moving forward, technology will assist in gathering 
patient recovery-centric outcome measures in addition to 
the traditional audit measures to further quality improve-
ment efforts.

Intrinsic to the personality of a surgeon is the drive toward 
perfect outcomes. Benchmarking, quality improvement 

comparisons, and inherent competitiveness all allow sur-
geons the means to evaluate their performance. Enhanced 
recovery principles, by contrast, focus on intervention ele-
ments. Specifically, enhanced recovery focuses on the surgi-
cal stress imposed on unique patient populations. This 
chapter focuses on enhanced recovery efforts, details, chal-
lenges, and future directions in the elective colorectal sur-
gery patient.

 Enhanced Recovery, Origins, and Overview

Besides a buzz word on hospital webpages for administrators 
to publicize adoption of popular care maps for surgical ser-
vices lines, enhanced recovery has a multi-faceted history 
and widely diverse definitions. To some, enhanced recovery 
refers to the patient-focused decrease of surgical stress 
described in the late 1990s and early 2000s in Scandinavia as 
“ERAS, enhanced recovery after surgery.” To others, 
“ERAS” is simply an order set or protocolized perioperative 
care. Enhanced recovery; enhanced recovery programs, 
“ERP”; and enhanced recovery after surgery, “ERAS” will 
be used interchangeably in this chapter.

Most clearly, enhanced recovery is the application of 
evidence- based, perioperative medicine to the care of the 
surgical patient with a goal of best surgical outcomes. In this 
chapter we review the thoughtful development of this aspect 
of perioperative medicine, and, specifically, we discuss the 
aspects of perioperative medicine that have been defined as 
enhanced recovery for the colorectal surgery patient.

Building on the understanding of nutrition and stress sci-
ence from the preceding decades, surgeon scientists began 
specifically addressing the impact of depleted or supported 
nutritional reserves at the time of surgical stress on surgical 
outcomes. After decades of individual work relating opera-
tive outcomes to perioperative metabolism, stress, and nutri-
tion, Douglas Wilmore of Boston and Henrik Kehlet of 
Copenhagen reported the importance of considering the 
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patient’s physiologic reactions, helpful and hurtful, to surgi-
cal stress [1–3].

Their work proposed that, with a better understanding of 
the physiologic stress impact of operations, surgical teams 
could mitigate this stress. From a background of periopera-
tive nutrition science, these early enhanced recovery efforts 
began to define modifiable sources of perioperative stress. 
Wilmore and Kehlet identified several sources of periopera-
tive stress that were worse with traditional perioperative 
care, and they hypothesized that different care plans might 

help patients avoid complications [4]. The complexity of 
physiologic interactions is shown diagrammatically in 
Fig. 7.1 with representative enhanced recovery interventions 
to combat these stresses shown in Fig. 7.2.

From modifying perioperative stress to fast-track surgery 
to enhanced recovery, perioperative care was being revolu-
tionized in Europe in the early 2000s. Simultaneously, in the 
USA, a trend toward minimally invasive approaches to 
abdominopelvic operations was taking off. Observed shifts 
in patient care paradigms followed patient recovery curves 
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and included earlier postoperative oral intake, earlier mobil-
ity, and earlier readiness for discharge from the hospital. 
Laparoscopic surgeons were responding to patients’ 
decreased surgical stress and facilitating faster recoveries. 
Through critical review of laparoscopic studies and periop-
erative care standardization, it became obvious that allowing 
patients to recover more quickly worked [5]. More directly, 
Dr. Kehlet’s parallel efforts began actively addressing peri-
operative care elements relative to surgical stress. He 
reported that an immediate diet and immediate activity, in 
combination with multimodal analgesia, led to quicker dis-
charge readiness after open operations [6, 7]. He explained 
that the traditional care paradigms worsened surgical stress 
and prolonged the amount of recovery below the patient’s 
baseline at time of operation. As demonstrated in Fig. 7.3, 
and as he simply described, patients did not experience the 
dip relative to baseline health when they had surgery on his 
protocol.

Specific to colorectal surgery, the two paradigm shifts 
collided in the early 2000s. Open operations under this new 
care paradigm and laparoscopic operations with inherently 
faster recovery were resulting in decreased narcotic need, 
earlier diet tolerance, and shortened hospital stays. Surgeons 
performing predominantly open colorectal operations in 
Scandinavia adopted Professor Kehlet’s perioperative prin-
ciples, and with the explosion of MIS equipment availability 
in the USA, more and more surgeons were approaching the 
colon laparoscopically. In 2004, the American College of 
Surgeons’ Commission on Cancer released the non- 
inferiority COST trial [8], showing that laparoscopic onco-

logic resection for colon cancer did not have worse outcomes 
compared to the open approach. This led to increasing num-
bers of MIS colon resections in North America, particularly 
at academic and training centers, where academicians had 
been reluctant to adopt the technology without reassurance 
of safety in cancer. In 2005, the first publication of the 
“ERAS group” shared their attempt to push surgeon-driven 
adoption of Kehlet’s protocols for open colorectal resection 
patients on their colorectal surgery wards. Admitting that 
their results were not as amazing as the very confined imple-
mentation of Kehlet’s single-center and small-sample popu-
lation, the ERAS group set out to apply implementation 
science techniques to the idea of changing the perioperative 
management of colorectal surgery at their centers. Subsequent 
development and spread of these focused change manage-
ment strategies has been widely successful [9].

By 2008, worldwide improvement of colorectal surgery 
outcomes, predominantly in length of stay and decreased 
wound complications, had been reported by many high- 
volume laparoscopic centers. Perioperative optimization 
strategies such as intentional fluid management and opioid 
stewardship began timely growth from the anesthesia litera-
ture. Parallel to the incremental changes happening around 
the growth of laparoscopic colorectal surgery was the suc-
cessful effort of the ERAS Society, so named in 2007 [10]. 
With westerly drift of ideas, US and Canadian centers 
became aware of the principles of enhanced recovery. This 
spread was facilitated by the uptake of enhanced recovery in 
the UK.  The 2008 economic recession drove the National 
Health Service to implement many care changes to improve 
service and to decrease cost. The implementation of enhanced 
recovery for surgery patients was mandated across the coun-
try, beginning with colorectal surgery. This effort was to save 
money from decreasing length of stay and complications, 
and the NICE program was hugely successful at its mission 
[11]. Enhanced Recovery Partnership Programme in the 
National Health Service, NHS, of the UK was the first man-
dated and the first truly multidisciplinary approach to the 
improving perioperative outcomes reported. Since 2010, the 
published work of major centers, predominantly shared 
anesthesia and surgery efforts, has skyrocketed [12–15]. 
North American efforts have been stimulated by the 2014 
creation of American Society for Enhanced Recovery (ASER 
at www.enhancedrecovery.org) and the American chapter of 
the ERAS Society, in 2017 (Fig. 7.4).

In short and most holistically, enhanced recovery is the 
process of considering and implementing the best evidence 
for each system-patient touch from diagnosis of surgical dis-
ease to complete recovery from operative management of 
that disease. Currently, the best outcomes attributed to 
enhanced recovery work tend to start with intentional preop-
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erative education regarding surgical planning, followed by 
evidence-based management steps via preoperative anesthe-
sia assessment, intraoperative best practices, and intentional 
postoperative management schemes to minimize periopera-
tive stress and optimize outcomes. Herein, we will discuss 
the evidence of common care variables of enhanced recovery 
for colorectal operations, reported implementation schemes, 
and examples of improved outcomes. In addition to order 
sets and patient-focused care elements, enhanced recovery 
efforts frequently lead to continuous improvement platforms. 
Such platforms, via change management efforts, are tough to 
create and even harder to maintain. Identification of these 
barriers and how to break these barriers down is offered. 
Enhanced recovery has been attractive to administrators and 
payers because of economic impacts which are discussed 
toward the end of the chapter. Lastly, next steps and the 
future of enhanced recovery for colorectal patients are 
covered.

 Enhanced Recovery Models

There are two ways to consider the care elements of most 
enhanced recovery models. One is to define action in a par-
ticular phase of care. Another considers the impact on physi-
ologic stress, allowing for potentially multiple interventions 
along the surgical continuum.

Dividing the operative experience into phases is some-
what artificial, but it works well when creating an implemen-
tation strategy. Care delivery can be divided by time and 
shown as preoperative → intraoperative → postoperative. 
Care delivery can also be divided by location, which further 
defines the team members present in each phase. This five- 
phase care perioperative scheme is consistent with the 
Quality Red Book published by the American College of 
Surgeons (Fig. 7.5) [16].

Preoperatively, the patient is prepared for surgery with 
information and testing. Intraoperatively, engagement of the 

Timeline of Enhanced Recovery Development in North America

Laparoscopy

Enhanced Recovery

Quality Reporting
Health Sciences Research

1980 1990 2000 2010

North America

Fig. 7.4 Alignment of improvement strategies in colorectal surgery including laparoscopy, ERAS, and quality improvement research

Preop

Preop Periop Intraop

Intraop Postop

Postop
Post

Discharge

Fig. 7.5 Models of care for 
change management 
planning; three phases and 
five phases

J. Thacker and N. Morin



125

anesthesia team is key. Important elements in the operating 
room include intentional fluid management and minimally 
stressful surgical techniques. Postoperatively, the patient is 
guided back to baseline health, acutely in the hospital and 
over the weeks following an operation. Each of these phases 
is delivered by a different team. The patient and the surgeon 
are the only two players in each phase. A surgeon’s under-
standing of who does what and when is a key first step to 
enhanced recovery care. Then key elements in each phase are 
defined from the evidence. An example of how some ele-
ments fall into phases of care is shown (Fig. 7.6).

As is obvious by the repetition of items across the phases, 
some interventions need to be carried out at multiple time 
points. Therefore, when creating a protocol, it is important to 
consider the principles of care and the evidence of 
interventions.

 First Steps to Creating an Enhanced 
Recovery Program

To start, the ERAS team needs to define what outcomes need 
to be improved. Seemingly obvious, this initial step is often 
skipped with teams jumping into building order sets. The 
second step is to create an evidence library. Once outcomes 
of interest are defined, and the evidence is collected, the team 
assigns the elements of impact to phases of care and team 
members. The lift of implementation often includes an order 
set, team education, and administrative help. Pearsall et al. 
detail the team and facilitators nicely in a chapter on imple-
mentation in Surgical Clinics of North America [17]. 
Champions from surgery, anesthesia, and nursing are 
 essential. Other team members for protocol creation will be 
from the pharmacy, IT, administration, and nutrition.

 Enhanced Recovery Elements in Colorectal 
Surgery

This section covers elements common to most protocols for 
enhanced recovery of the elective colorectal surgery patient. 
General groupings into phases of care are used to organize 
the information as one would to create a protocol (Table 7.1).

 Preoperative Elements of ERAS in Elective 
Colorectal Surgery

Education
Patient education is a key element of enhanced recovery. 
Setting expectations for patients at every phase of care helps 
to manage stress and encourage participation. Common lan-
guage and instructions throughout the surgical journey allow 
the patient to be more relaxed and receptive to the care plan.

Information needs to be at the simplest appropriate liter-
acy level in written, spoken, and, if possible, video versions 
to reach all learners. Important to every phase of enhanced 
recovery, the greatest educational effort may be spent at its 
introduction in the surgery clinic. The anesthesia assessment 
team, the preoperative holding team, and even the recovery 
room team – all of these seemingly separate teams – become 
part of the patient-focused care in enhanced recovery. When 
this philosophy is adopted, variability decreases.

Preoperative Optimization
The explosion of evidence regarding preoperative optimiza-
tion outreaches this chapter. There is abundant research on- 
going to define readiness for operation. Subjecting patients 
to exercise-based challenges, evaluating interleukin levels, 
and reading nutritional parameters on CT scans are just a few 
of the areas being aggressively studied [18]. This section, 
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though, is a brief review of well-established and feasible rec-
ommendations that should be routine in all preoperative 
preparation programs: smoking cessation, preoperative 
nutrition, and anemia and diabetes management recommen-
dations. Since acquiring the “Strong for Surgery” program, 
the best guide for this preparation for surgery elements is the 
American College of Surgeons webpage, https://www.facs.
org/quality- programs/strong- for- surgery, which includes 
resources for clinicians, preoperative programs, and patients.

Smoking Cessation
The association of smoking with worse operative outcomes 
is well established [19]. For colorectal surgeons, concerns 
include increased risk of anastomotic complications, 
impaired microcirculation, increased postoperative pulmo-
nary complications, and special considerations in inflamma-
tory bowel disease (IBD). Particular recommendations 
include taking advantage of the life-changing moment of a 
surgical diagnosis as motivation for patients to quit tobacco 
use and encouraging even 2–3 weeks of preoperative cessa-
tion as beneficial. For many patients, smoking is not their 
only modifiable risk factor; smoking cessation can be one 
goal added to increased physical activity, alcohol intake 
moderation, and improved blood sugar management during 
even a brief elective case delay. Resources available on 
Strong for Surgery are thorough. Having a local team with 
specific addiction focus and training does result in higher 
success of these efforts [20].

Preoperative Nutrition
The evidence that malnutrition is independently associated 
with worse colorectal surgery outcomes and increased costs 
is abundant. The problem is often underestimated, but it is 
substantial. Work by Wischmeyer et  al. [21] produced this 
infographic defining the impact of inadequate preoperative 
nutritional status (Fig. 7.7).

However, surgeons’ understanding of this has not easily 
translated to universally applicable recommendations for our 
patient population. Options to use a diseased gastrointestinal 
tract to improve nutrition are limited. Making nutritional 
preparation for CRS more challenging is the difficulty of 
clinically diagnosing malnutrition. A fast screening plan is 
proposed by the ASER and PeriOperative Quality Initiative 
(www.POQI.org) consensus statement by Wischmeyer et al. 
[21] (https://thepoqi.org/POQI- 2- Manuscripts). Detailed 
discussion of preoperative supplements and the rare indica-
tion for parenteral preoperative repletion is available in the 
online resource linked above. Generally, the recommenda-
tions include protein calories, regular mineral and vitamin 
supplements, and evaluation for nutrient deficiencies and 
potential directed supplements. Practical implementation is 

Table 7.1 Common enhanced recovery elements in elective CRS

Phase Element Outcomes of interest
Preoperative Informed consent Shared decision-making and 

appropriateness
Education Patient participation and 

decreased stress
Optimization Best management of 

modifiable risk factors
Perioperative Bowel 

preparation
Decrease surgical site infection

Limiting fasting Encourage euvolemia for safe 
induction

Carbohydrate 
load

Decrease insulin resistance and 
infection

Identify/
document

Increase compliance to 
protocol and audit

PONV 
prophylaxis

Optimize early PO tolerance 
and patient experience

Multimodal 
analgesia

Decrease opioid-related 
complications

Intraoperative VTE prophylaxis Decrease thrombotic 
complications

Antibiotic 
prophylaxis

Decrease infectious 
complications

Multimodal 
analgesia

Minimize opioids during 
general anesthesia

Goal-directed 
IVF

Optimize the right fluid 
relative to needs

MIS Decrease surgical stress and 
optimize recovery

Minimize drains, 
tubes, and lines

Decrease foreign body reaction 
and complication risk without 
evidence of benefit

PONV 
prophylaxis

Optimize early PO tolerance 
and patient experience

Postoperative Multimodal 
activity

Minimize opioids during 
general anesthesia

Immediate diet Encourage return of bowel 
function, minimize catabolism

Immediate 
activity

Minimize complications of 
inactivity

VTE prophylaxis 
and teaching

Decrease thrombotic 
complications and begin 
discharge teaching

Education Reinforce discharge criteria 
and goals to minimize 
unnecessary length of stay and 
stress

Post- 
discharge

Multimodal 
analgesia

Minimize opioid complications 
and opioids in the community

Continued 
activity

Encourage rehabilitation and 
muscle preservation

VTE prophylaxis Decrease thrombotic 
complications

Close contact Decrease stress and recognize 
problems early to prevent 
readmissions

PO Per os, PONV postoperative nausea and vomiting, IVF intravenous 
fluid, VTE venous thromboembolism, MIS minimally invasive surgery
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to wait for uptrending weight and prealbumin to ensure 
improvement. To minimize complications, prealbumin and 
other nutritional parameters should be normal before opera-
tion (Fig. 7.8).

Preoperative Anemia
Anemia is a significant and modifiable risk factor for worse 
outcomes from elective operations; however it is not uncom-
mon for surgeons to feel helpless in correcting anemia in the 
GI surgery patient. Chronic GI losses are often the culprit of 
preoperative anemia in our patients, and until the operation, 
the source of bleeding exists. Here, we have created a practi-

cal management guide by summarizing recommendations 
for our patient population (Fig. 7.9) [22–24].

Perioperative Hyperglycemia
Perioperative hyperglycemia is strongly associated with 
increased infections, reoperations, and death; however, this 
increased risk is not seen in patients who are well-managed 
around the time of operation with insulin therapy. This is 
well described in a review of 11,633 patients in the Surgical 
Care and Outcomes Assessment Program in Washington 
State [25]. Good perioperative management of hyperglyce-
mia must start with good preoperative management [26]. 
Kiren et al. added to our understanding that the degree of 
hyperglycemia is linearly associated with the severity of 
complication [27]. Elaborate management of diabetics and 
non-diabetics with elevated blood sugar in preparation and 
around the time of surgery has been created. However, most 
of the recommendations are part of algorithms for preopera-
tive optimization before complete elective operations, such 
as knee replacements or ventral hernia repairs. Our popula-
tion of colorectal surgery patients may be able to work on 
optimization for 2–4 weeks; however longer delays, referral 
to endocrinology, and documented improvement in HbA1C 
are not reasonable. As per American Diabetes Association 
screening guidelines, the following patients meet criteria for 
HbA1C screening: over 45 years of age; personal history of 
diabetes (DM1, DM2, or gestational); polycystic ovarian 
disease; or abnormally high fasting blood glucose. 
Additionally, a patient with BMI >/= 25 and anyone with 
inactive lifestyle; HTN; hyperlipidemia; or first-degree rela-
tive with diabetes should be tested [28]. The above evidence 

Fig. 7.7 Impact of perioperative malnutrition (Reused with permission from Ref. [21]. Copyright © Wolters Kluwer)
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Fig. 7.8 PONS Score for preoperative nutritional assessment (Reused 
with permission from Ref. [21]. Copyright © Wolters Kluwer)
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and recommended protocol elements are summarized in 
functional guide to blood sugar management in elective 
CRS (Fig. 7.10) [29–31].

Preoperative Fasting Period and Preoperative 
Carbohydrate Drink
The origins of ERAS Society guidelines date back to work on 
insulin resistance and the use of preoperative carbohydrate 
loading by Ljungqvist [32]. In animal trauma models and then 
in human surgical patients, his lab showed that  pre- stress 
maltodextrin carbohydrate loading decreased postoperative 
insulin resistance and complications. Currently many products 
are available commercially and to health systems to fulfill this 
element. Notably, just carbohydrates, without the studied 
maltodextrin source, have not been shown to have the same 
effect. The mechanism of preoperative carbohydrate influence 
on postoperative insulin resistance has been described as being 
mediated by AMP-activated protein kinase activation [33]. 
With this understanding, perhaps more in- depth analysis of the 
best preop carb drink can be accomplished.

Preoperative carbohydrates and other liberal clear fluids 
should be encouraged as part of enhanced recovery periop-
erative preparation. The American Society of Anesthesia 
guidelines include preoperative clear fluid intake to continue 
up to 2  hours before induction of general anesthesia [34]. 
The challenge to institute this recommendation from over 
40 years ago is a good reminder of the teamwork that must 
go into practice changes across phases of care.

Bowel Preparation
Bowel preparation, with antegrade laxative prepara-
tion and oral antibiotics, is recommended for operations 
with a planned lower bowel resection. The literature 
was recently reviewed, and guidelines were published 
by the ASCRS Practice Guidelines Committee [35]. 
Early ERAS Society guidelines did not endorse routine 
mechanical bowel preparation. However, the evidence of 
benefit since the earlier ERAS guidelines is robust and 
clear; most current enhanced recovery programs for CRS 
include bowel prep.

Serum ferritin

< 100 µg/L, iron deficient > 100 µg/L, non-iron deficient Cr and CrCl

Hb <12g/dL, females
Hb <13 g/dL, males

Operation > 6 weeks, oral iron
Operation < 6 weeks, IV iron

Abnormal Normal

B12 and folate

Supplement if low
Folate oral, B12 subcu

Nephrology consult

YES

NO

No intervention
necessary preoperatively

Fig. 7.9 Practical consideration of preoperative anemia in elective CRS
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 In-hospital Preoperative Enhanced Recovery 
Elements
Education and continued, constant messaging are essential 
for patient participation and stress reduction. At the time of 
admission, many elements that will continue throughout the 
hospitalization begin in the preoperative holding area.

Prevention of Postoperative Nausea and Vomiting 
(PONV)
Combatting the common complication of nausea after gen-
eral anesthesia must begin in the preoperative space. The role 
of the surgeon is to identify patients at increased risk and to 
ensure pre-emptive management by anesthesia. Gan et  al. 
updated the guidelines for the management of PONV; 
included is an easy cursory scale for PONV risk [36]. Each 
binary risk factor is 1 point if present: female, non-smoker, 
history of PONV, or postoperative opioids. These factors are 
additive, with baseline PONV risk of 10%, any one risk fac-
tor correlates to 20%, any two 40%, and any three 60%. If all 

four risk factors are present, there is an 80% chance of 
PONV. This prediction model should be applied in preopera-
tive clinic to inform the patient and the anesthesia team 
before general anesthesia to consider prophylaxis in at-risk 
patients. Most enhanced recovery protocols include multi-
modal PONV prophylaxis as per  anesthesia recommenda-
tions [37].

Multimodal Analgesia (MMA)
Pain receptors and the sensation of pain are mediated by sev-
eral pathways. Opioids impact a patient’s sensation of pain, 
but opioid-related complications can be minimized or com-
pletely avoided by strategies to impact different pain pathways 
simultaneously [38]. While it might be too stringent to aim for 
narcotic-free major CRS, the key to MMA is to recognize the 
cost of each narcotic dose. Even an exposure of as little as ten 
morphine equivalents has been associated with an increase 
incidence of postoperative ileus in CRS [39]. A scheme to 
summarize general MMA approaches is shown (Fig. 7.11).

Normal, <5.7%

No special preop care Recommendation to 
DM diet

Increase activity
BS checks if able

Diabetic ≥ 6.5%

Operation can be delayed

Cr and CrCIEndocrinology consult
or PCP management

Preop holding BS check

PACU BS check

Intraop q2h BS check

Postop BS checks qAC 
and HS

Prediabetic, 5.7–6.4%

HbA1C improvement may
take 2–3 months of

good BS control

Operation cannot be 
delayed > 4 weeks

Cr and CrCI2 weeks of BS < 150 mg/dL
Measureable risk reduction

Cr and CrCI
Management with insulin

Goal BS < 150

O
P

E
R

A
T

IO
N

HbA1C according to ADA screening guidelines (see text)

,

Fig. 7.10 Practical consideration of preoperative hyperglycemia in elective CRS
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Multimodal analgesia in enhanced recovery always raises 
discussion of epidural as a mandatory element. What is often 
missed in interpretation of earlier ERAS guidelines is the 
incidence of open operation. Current recommendations for 
open CRS still include epidural analgesia if the use is sup-
ported locally [40, 41]. If inadequate experience and over-
sight exists, epidurals can increase time to mobility, urinary 
catheter removal, and discharge. The authors offer experi-
ence of expeditiously placed, safely managed epidurals with 
extremely high success rates and decreased costs [12]. Many 
other non-catheter blocks are available and in combination 
with other components of MMA are more appropriate than 
epidural catheters for MIS cases. They may also be proven to 
be more appropriate for open cases.

Multimodal analgesia is aggressively studied and re- 
evaluated with each new pain medicine released. The plan 
shown above summarized an MMA model with recom-
mendations current to its publication. Some evidence sug-
gests that gabapentin may be related with drowsiness and 
respiratory depression, and the use oral acetaminophen 
before placement of gastric decompression may not be as 
effective as intravenous acetaminophen at fascial closure. 
Improvement in MMA can be made about every 
6–9  months to keep pace with the literature. The pain 
management scheme for ERAS protocols should be 

addressed with every interval protocol review. The per-
ception of providers must be that MMA is effective since 
the implementation of an enhanced recovery protocol was 
associated with increased use of perioperative MMA in 
non-ERP patients [42].

VTE Prophylaxis and Antibiotics
Evidence for best VTE strategies and antibiotic coverage for 
CRS is well established in the literature and elsewhere in this 
text (Chap. 6). The line item is included here to remind sur-
geons that not everyone along the continuum of the patient’s 
surgical journey will know these details. The appropriate 
preoperative antibiotic and the VTE prophylaxis timing, in- 
patient plan, and plan at discharge with required teaching 
must be visible to the entire team.

 Intraoperative Enhanced Recovery Elements
Surgical outcomes are impacted by every aspect of care 
while the patient is in the operating room – every dose of 
narcotic, every liter of fluid, every tube or drain, every inci-
sion. While it is impossible to study any one intraop care 
element independent of the rest of the operation, general 
principles have been investigated. Including the anesthesiol-
ogy team throughout the creation of an enhanced recovery 
pathway is essential for success.

TREATMENT ALGORITHM FOR ACHIEVING OPTIMAL ANALGESIA
AFTER COLORECTAL SURGERY
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Multimodal Analgesia
MMA must continue during general anesthesia. The details 
of medication combinations, available blocks and neuraxial 
approaches, as well as intraop and postop infusional choices 
are all subject to local formularies and anesthesiologists’ tal-
ents and preferences. The anesthesia team’s knowledge of 
ERAS and their expertise relative to narcotic-sparing man-
agement has to be garnered during the creation of any 
enhanced recovery pathway. Infusional lidocaine has been 
shown to be effective in center reports, but Cochrane review 
failed to find convincing evidence for recommendation [43].

Intentional Fluid Management
The evidence supporting the safest fluid management for 
intraoperative enhanced recovery is still evolving. There was 
little discussion of fluid management in the first colorectal 
ERAS guidelines, as this was developing in the anesthesiol-
ogy literature simultaneously. Studies and opinions about 
this are now abundant; most are anesthesiologist designed 
and directed.

Specifically, trial design often includes a statement such 
as “an enhanced recovery pathway was in place,” and a 
diversity of patient populations are included to ensure power. 
In the larger trials, from which the anesthesiology commu-
nity is defining their understanding of best fluid manage-
ment, surgical outcomes, such as length of stay in the 
hospital, readmissions, surgical complications, and ileus, are 
recorded. However, the postoperative fluid management is 
not reviewed. As has been proven, excessive or inadequate 
fluid management postoperative also impacts these same 
outcomes. The data can be difficult to interpret.

Contradiction between “restrictive and liberal” protocols 
can be clarified by analysis of the details. Myles et al. claimed 
higher incidences of acute kidney injury (AKI), in enhanced 
recovery protocol patients who randomized to the restrictive 
fluid arm of a multinational study of over 3000 [44]. Given 
there was no analysis of the enhanced recovery elements or 
preoperative fluid allowance, this study also lacked direction 
for perioperative fluid management. The thoughtful com-
ments of a surgeon in Denmark who has studied periopera-
tive fluid management since the 1990s are helpful describing 
the benefits of intentional fluid management and limitations 
of the Myles study [45]. Evidence for best fluid management 
is still accruing; therefore watching for studies with a defined 
perioperative protocol and deeper evaluation than just high- 
level, reported surgical outcomes is prudent. Though the 
Myles study showed association with AKI, a careful obser-
vational study out of Mayo failed to show increased AKI in 
ERAS. Their chief finding, however, was potential increase 
of ileus in patients receiving greater volumes of fluid on their 
protocol [46].

As we await further science behind patient responses to 
fluid and associated surgical outcomes with well-defined 

care protocols [47], safest and cheapest management of 
fluid around the time of colorectal operations has three 
tenets [48, 50]:

 1. Liberal fluid encouraged during bowel prep and until 
2 hours before induction of general anesthesia.

 2. Zero-balance intraoperative fluid management based on 
weight.

 3. Normotension and urine output should be maintained 
with reactive intravenous fluid until oral intake is 
adequate.

Minimally Invasive Surgical Approaches
Discussed previously and covered thoroughly elsewhere in 
this text, minimally invasive approaches decrease surgical 
stress and improve outcomes. These benefits are additive 
when combined with enhanced recovery care plans [51].

Minimal Use for Drains, Tubes, and Lines
Early in literature for enhanced recovery, the promotion of 
minimizing the use of intra-abdominal drains, nasogastric 
tubes (NGT), and central venous access lines (CVL) was 
promoted. These recommendations persist with evidence of 
no benefit to abdominal drains; harm with NGT except in 
obstruction; and increased infection and complication with 
CVL [51, 52].

 Postoperative Enhanced Recovery
Aarts et al. reported a review by the iERAS group in Canada 
that postoperative ERAS interventions have the greatest 
impact on optimal recovery [53]. Confounded by the fact 
that postoperative elements are more successful if earlier 
occurring elements show high compliance, the postoperative 
phase is, indeed, the longest of the in-patient phases and the 
most impactful on outcomes.

Early Diet, Early Mobilization, and Early Oral 
Medications
The success of postoperative elements of enhanced recovery 
often demonstrates the success of earlier elements. Education 
leads the patient toward a low stress discharge plan. A mini-
mally stressful operation results in faster return to regular 
diet and oral management of fluid needs. Well-managed, 
opioid-sparing analgesia is less likely to result in ileus. The 
elements of immediate diet and mobilization are well sup-
ported as safe and beneficial. Low residue diet is better than 
clear liquid diet at promoting earlier return of bowel function 
and earlier discharge with fewer complications [54]. 
However, Clough et al. showed persistent reluctance to adopt 
early feeding in a comparative cohort study. Lack of adop-
tion of these well-founded elements further represents the 
need for evidence-based care protocol implementation, such 
as enhanced recovery [55].

7 Optimizing Outcomes with Enhanced Recovery
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Multimodal Analgesia
Details of MMA are discussed above. Important aspects of 
MMA in the postop period include rescue therapy and edu-
cation. Not all patients will be well-managed with the pre-
scribed MMA.  Anxiety and pre-existing pain conditions 
make postop analgesia challenging. ASER-POQI 2 addressed 
this with the rescue plan shown in Fig. 7.12 [38].

Postoperative reiteration of the goals of MMA, medica-
tion names, and an opioid-sparing plan is essential. This 
message needs to be consistent from the first dose of medi-
cation in the postoperative experience, through discharge 
instructions, and with the clinic contacts after discharge.

Standard Discharge Criteria
An international consensus to determine readiness for dis-
charge criteria created a simple five-item list [56]. GI func-
tion and general recovery are well assessed by solid diet 
tolerance, adequate liquid intake, oral pain management, 
and activity. Objective readiness is confirmed with ward 
data, such as blood pressure, heart rate, urine output, tem-
perature, and spontaneous voiding. A rigorous and well-
known enhanced recovery program demonstrated that the 
delays typical of discharge after a patient meets discharge 
criteria are minimized with standard practice. In the review 
at McGill, readiness for discharge and actual discharge 
most often were at the expected 3 days after colorectal 
resection [57].

 Considerations in Special ERAS Populations

 Enhanced Recovery in Stoma Creation 
and Reversal

Diverting ileostomy is a frequent source of delayed discharge 
and readmission. High ileostomy output and dehydration 
readmission rates are reported in up to 15% of these patients. 
Index admission length of stay among diverted patients has 
been shown to be prolonged significantly, mitigating the 
effects of laparoscopy on LOS [58], even in the context of an 
ERP [59]. With the expected expedited recovery on an ERAS 
protocol, new ileostomy patients leave the hospital sooner, 
leaving little time for a patient with a newly formed stoma to 
learn the practical skills of caring for the stoma. In fact, many 
studies looking at the impact of ERAS exclude patients 
undergoing stoma creations. This section discusses the appli-
cation of ERAS to even these patients and the special consid-
erations necessary.

A controlled randomized study [60] out of Norway inves-
tigated whether an ERAS program with a dedicated ERAS 
and stoma nurse specialist could reduce the length of hospi-
tal stay, readmission, and stoma-related complications, com-
pared to standard of care pathways in patients undergoing 
planned stoma. Preoperative and postoperative stoma educa-
tion in the context of an ERAS program was associated with 
a significantly shorter hospital stay with no difference in 
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readmission rate or early stoma-related complications. In a 
UK-based pre-/post-ERAS study of anterior resection 
patients with ileostomy, Younis et al. [61] showed significant 
reductions in average LOS (nearly half) with preoperative 
stoma management teaching as part of an ERP. The readmis-
sion rates in both groups were low (2.5% pre-ERP vs. 0% 
post-ERP), and none was due to stoma management issues. 
Patients were closely monitored in the community by stoma 
care specialist nurses and any stoma complications managed 
promptly in conjunction with GPs. This is in line with other 
studies that confirm that length of hospital stay need not to be 
prolonged among patients with a stoma if adequate patient 
education is provided [62], particularly in the context of 
ERAS [63, 64]. The Ontario Provincial ERAS Enterostomal 
Therapy Nurse Network recently published best practice 
guidelines for care of patients with fecal diversion [65], 
addressing coordinated preoperative, postoperative, as well 
as discharge phases of care in the community, in order to 
improve outcomes, decrease complications, and reduce hos-
pital costs.

 ERAS in Emergency Surgery and Trauma

ERAS is well established in elective colorectal surgery; how-
ever the feasibility and benefit of ERAS in emergency 
colorectal surgery has only been reviewed more recently. In 
2019, Lohsiriwat et al. [66] reviewed six retrospective obser-
vational studies [67–72] on patients undergoing emergency 
operations managed by enhanced recovery principles. The 
authors concluded the following: (1) Compared to ERAS- 
CRS for elective cases, ERAS after emergency colorectal 
surgeries is associated with a longer length of stay and a 
higher rate of unplanned reoperation without a difference in 
rates of anastomotic leak or readmission. Overall compli-
ance with ERAS protocol was lower, with comparable com-
pliance to elective cases in the operating room. (2) Compared 
to emergency surgeries performed without ERAS programs, 
ERAS is safely applicable in emergency colorectal surgery 
and confers similar beneficial effects seen in the elective 
setting.

A recent meta-analysis of 6 ERAS protocols in 1334 
total emergency abdominal surgery patients [73] confirms 
these findings. The authors conclude that ERAS protocols 
favorably resulted in reduced postoperative complica-
tions, accelerated recovery of bowel function, and shorter 
length of stay without increased readmission in emer-
gency abdominal surgery patients. As in all patient pop-
ulations, ERAS in emergency colorectal surgery should 
be guided by the concept of reducing stress responses to 
surgery [74].

 Enhanced Recovery in the Elderly

ERAS pathways in the elderly are safe and effective. Bagnall 
et  al. [75] performed a systematic review that included 16 
studies involving 5965 patients who underwent colorectal 
surgery. Two randomized controlled trials demonstrated 
shorter hospital stay and fewer complications in elderly 
patients >65 and >70 years of age who were on an ERAS 
pathway compared with an age-matched group receiving 
standard perioperative care. There are no significant differ-
ences in morbidity and mortality between the elderly and 
younger patients on ERAS pathways, although older patients 
tended to have a longer length of stay compared to the 
younger patients. Only two studies in the systematic review 
above reported any data on adherence to the ERAS pathway: 
Rumstadt et al. [76] found lower compliance among patients 
>79 years of age (not the group of patients age 70–79 years). 
Feroci et  al. [77] showed that patients age >75  years had 
poor adherence to many postoperative items. In this study, 
poor compliance in this age group was the greatest predictor 
of poor outcomes. However, two later studies [78, 79] did not 
show any effect of age on adherence to ERAS pathway, and 
they did not demonstrate a difference in morbidity or mortal-
ity. Interestingly, Baek et al. found that there was no differ-
ence among older versus younger patients in return of bowel 
function, diet advancement, urinary catheter removal, com-
plications, or length of hospital stay, but there were increased 
rates of emergency room visits and readmission in older 
patients [80]. The most recent study by Owodunni et al. [81] 
evaluating compliance to ERAS pathway in patients 
age ≥  65  years did not show any significant difference in 
overall compliance rates compared to younger patients. 
While ERAS intervention in the older patients resulted in 
significant decrease in length of hospital stay, a further 
reduction in length of stay occurred in ERAS patients under-
going laparoscopy. In all studies, the greatest benefit was 
seen in older patients achieving high compliance with the 
ERAS variables.

A recent Italian study confirmed the feasibility, safety, 
and benefit of a tailored ERAS program in octogenarian 
patients undergoing minimally invasive surgery for colorec-
tal cancer [82]. The majority of patients met release criteria 
in a median of 5 days, which was significantly shorter than 
the actual days of dismissal (6+/−4.2). The authors com-
mented that a consideration should be made for the very 
elderly for whom length of hospital stay could be a mislead-
ing outcome; readiness to discharge might be a more accu-
rate measure. They speculate that several factors may explain 
the discordance between these variables including social and 
geographical isolation, unavailability of nursing assistance, 
and limitation of communication with caregivers.

7 Optimizing Outcomes with Enhanced Recovery
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Management on an ERAS pathway appears to be safe and 
beneficial in the elderly, though with slightly lower rates of 
adherence to certain aspects of the protocol and increased 
length of hospital stay and readmission compared to the 
younger patients. These differences in adherence and out-
come in the elderly are likely due to their comorbidities and 
baseline functional status [74]. Caution must be taken to not 
overinterpret “lower compliance,” when compliance is con-
sidered across a population. Enhanced recovery, at its best, is 
patient-focused. The geriatric patient on anticoagulation, 
who does not qualify for an epidural, is not non-compliant 
for that element. The patient is not eligible, and should not be 
considered non-compliant. However, that ineligibility may, 
indeed, portend a slower recovery.

 Enhanced Recovery and Inflammatory Bowel 
Disease

Patients with inflammatory bowel disease (IBD) frequently 
present with malnutrition, immunosuppression, anemia, as 
well as intra-abdominal abscesses, fistulas, and bowel 
obstruction placing them at higher risk for significant post-
operative morbidity. As such, patients undergoing surgery 
for IBD, as a group, have prolonged hospitalizations and 
increased readmissions and hospital costs. In addition, many 
IBD operations are less suitable for laparoscopy. This drives 
the question whether enhanced recovery would be able to 
achieve similar benefits in IBD patients as in patients with 
colorectal cancer or other benign conditions.

Ban et  al. [83] investigating the American College of 
Surgeons National Surgical Quality Improvement Program 
(NSQIP) database for patients with enhanced recovery vari-
able data undergoing elective colectomy have shown that a 
preoperative diagnosis of IBD is associated with prolonged 
length of stay and higher odds of readmissions and morbidity/
mortality when compared with patients who had undergone 
colectomies for non-IBD diagnoses. In a single-institution 
ERAS retrospective analysis, Dai et  al. [84] demonstrated 
that IBD patients had higher incidence of postoperative ileus 
compared to colorectal cancer patients (28.8% vs. 14.8% 
(P < 0.001), respectively). The results from these two studies 
do in fact question whether there is any benefit in ERAS pro-
tocols for IBD patients in the first place.

Enhanced recovery pathways do improve outcomes after 
bowel resection for IBD. D’Andrea et al. [85] analyzed pre-/
post-ERP implementation IBD patients undergoing elective 
bowel resection. The ERAS group had significantly reduced 
rates of SSI, ileus, and anastomotic leak with a decreasing 
trend in the LOS, readmission, reoperation, sepsis, and 
wound disruption. Another pre-/post-ERAS study showed 
ERAS-managed IBD patients had reduced LOS and hospital 
costs without an associated increase in complications or 

readmissions. In addition, MIS was independently associ-
ated with reduced LOS, while ERP within the MIS group 
was associated with an even shorter LOS. Crohn’s disease 
(CD) diagnosis was associated with a longer LOS. However, 
the post-ERP group still had a shorter LOS despite having a 
higher rate of CD.  Patients with IBD undergoing major 
abdominal and pelvic surgery, despite being a complex 
patient population, benefit from the implementation of an 
ERP, at least with respect to LOS and in-hospital costs.

Clearly ERAS principles are widely applicable and ben-
eficial to these unique patient populations. Increased physi-
cian and nursing training to promote widespread 
implementation and adherence to ERAS principles (as many 
as feasibly possible) can further improve the quality and cost 
of healthcare administered. Modified programs are appropri-
ate for different patient populations, with the common goal 
of decreasing surgical stress and its effects and costs.

 Economic Impact and Value of Enhanced 
Recovery to the Healthcare System

In the most recent systematic review and meta-analysis on 
cost analysis of ERPs in colorectal surgery, ERP induced 
mean saving costs of $3101 USD per patient [86]. It is gener-
ally accepted that ERPs reduce healthcare costs by virtue of 
shorter duration of hospital stay and decreased rate of com-
plications without increasing readmission rates, as demon-
strated in several systematic reviews [87–89]. These 
pathways achieve such cost savings by using defined 
evidence- based processes that are monitored to allow opti-
mal resource management and minimal variability. Roulin 
et al. [90] found specific gains in medication, laboratory, and 
radiology costs. Standardization not only ensures that 
patients receive routine care items that might otherwise be 
forgotten, it also prevents unnecessary diagnostics without 
increasing the complication rate.

However, there are many limitations when examining the 
mechanisms of impact of ERPs on cost using these tradi-
tional audit measures [70, 91, 92]. The true costs and sys-
temic values need to be considered. Future economic models 
of ERP costs need to incorporate societal costs and patient, 
as well as recovery-centric outcomes, in addition to the tradi-
tional audit measures. In fact, ERAS can and should fulfill 
what is now referred to as the “Quadruple Aim”: achieving 
not only better patient outcomes, at a lower cost, and 
improved patient satisfaction but also medical, nursing, and 
provider satisfaction [93–96]. A recent review of the litera-
ture by Li et al. [97] confirms that the application of ERAS 
pathways following colorectal surgery does not lead to worse 
outcomes in patient satisfaction, quality of life, fatigue, and 
return to activities: however, no publications have assessed 
surgeon or care provider satisfaction with ERAS pathways.
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 Current Directions and the Future of ERAS

 Societies and Governments Assist 
Implementation Across Canada and the USA

ERAS is quickly becoming the standard of care in colorectal 
surgery. In North America, adoption of enhanced recovery 
has been mostly driven by individual providers or healthcare 
systems, without government collaboration or incentive. At 
our training centers, adoption has been occurring insidiously 
via substantive, unfunded academic effort and inculcating 
trainees by incorporation of ERAS principles in training and 
on certification exams [98]. Nonetheless, barriers to 
 implementation remain a challenge. Results from a Canadian 
qualitative study suggest that although clinicians see the 
value in implementing an ERAS program, lack of nursing 
staff, lack of financial resources, resistance to change, and 
poor communication and collaboration are perceived as bar-
riers to its adoption [99]. There is no unified enhanced recov-
ery assessment program or compensation program in the 
USA, but the American Society for Enhanced Recovery 
(ASER) promotes best practice via multidisciplinary collab-
oration between surgical, anesthesia, certified registered 
nurse anesthetists, and nursing societies. In addition, quality 
initiatives and protocols that arise from ASER are under-
taken with an understanding of US healthcare strategies  – 
cost structures, interactions of siloed stakeholders, and 
shared outcomes without shared inflow of resources [98]. In 
an exceptional effort to expand the implementation of ERAS 
pathways across the USA, a multimillion-dollar grant was 
awarded by the US Agency for Healthcare Research and 
Quality (2017–2020). The “Safety Program for Improving 
Surgical Care and Recovery” team plans to introduce 
enhanced recovery in approximately 750 US hospitals [98, 
99]. Similarly, in Canada, the Canadian Patient Safety 
Institute’s Integrated Patient Safety Action Plan for Surgical 
Care Safety, with support from numerous partner organiza-
tions from across the country, formed Enhanced Recovery 
Canada (ERC) in 2017.

 Future Directions

Innovation of technology provides opportunities to over-
come challenges with ERAS [100–102]. Databases facilitate 
core data collection, ensure optimal adherence to protocols, 
and reduce variability in clinical care. More robust data col-
lection is particularly useful for ERAS clinical studies [103]. 
In the future, such dataset will also allow us to investigate the 
impact of the perioperative period on long-term patient out-
comes such as cancer survival or disease recurrence in IBD 
[100]. Wearable sensors measure, store, and transmit large 
amounts of patient and environmental data and have been 

used to objectively and continuously monitor physical activ-
ity (an important indicator of functional recovery) within the 
hospital setting and at home following discharge [104–106]. 
To provide a complete recovery picture beyond activity 
tracking, smart devices will also be ready to collect patient- 
reported outcome data concerning other relevant aspects of 
postoperative recovery [107, 108]. In recent years, the role of 
telemedicine (TM) in postoperative care, implemented by 
way of smart devices with text messaging or mobile health 
applications, including pictures and videos, has grown. TM 
has demonstrated excellent clinical outcomes, a high degree 
of patient satisfaction, decreased driving distance and wait 
times, and cost savings to both the patient and healthcare 
systems, particularly for surveillance after ambulatory sur-
gery [109, 110]. A prospective multicenter study in France 
confirmed the feasibility of home surveillance by TM after 
major surgery, in colorectal patients within an ERP. TM with 
automatic alerts led to early, timely detection of postopera-
tive complication and less time spent answering phone calls 
by the surgical team and avoided ER visits. A more recent 
cohort study [111] looked at an active post-discharge surveil-
lance (APDS) program as part of an ERAS protocol in 
colorectal patients in the USA.  The program’s interface is 
also centered on a text messaging paradigm with automatic 
alerts and is accessible via any smart device or desktop. It 
employs automated protocols (defined by the surgery team) 
to automatically communicate with patients not only after 
discharge but also before and after surgery to ensure compli-
ance with protocol perioperatively. Patients, physicians, 
office staff, nurses, care coordinators, and extended care 
nurses are all able to communicate and coordinate care via 
the APDS. The study also concluded that APDS allows many 
postoperative issues to be resolved in an outpatient setting 
without ER visits or readmissions. The biggest limitation in 
this study was attrition bias as patients enrolled in the APDS 
and engaging with the program initially would stop respond-
ing. It is unclear if this was due to technical difficulties or 
that patients were simply overwhelmed by the frequent 
reminders and checks. Future studies should look further 
into the difficulties of TM technology. Integrating patient- 
centered recovery data in electronic health records [112] will 
provide an opportunity for recovery auditing and further 
database-driven research aimed at quality improvement 
[107].

 Summary

The principles of enhanced recovery require thoughtful anal-
ysis of the perioperative literature and application of the evi-
dence to everyday care. This process has fit the practice of 
colorectal surgery as we are always striving for better out-
comes in our patients with known risks having operations 

7 Optimizing Outcomes with Enhanced Recovery



136

with known complication profiles. Our specialty encom-
passes a significant portion of elective operations, providing 
us with research opportunities and volume to merit quality 
improvement efforts. The change management of enhanced 
recovery requires the development of a team that is then in 
place for whatever the next, best thing is. This deliverable, 
from working through the implementation phase of enhanced 
recovery, sets up colorectal practices and their hospitals for 
continuous, efficient improvement. The enhanced recovery 
process brings as much to the surgeon and system, as it does 
to our patient population. The authors’ hope is that we as indi-
viduals and as change management agents keep an open mind 
to all possible future care improvement strategies and that we 
encourage an open platform for continuous improvement.
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