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Key Concepts

•	 Enhanced recovery pathways (ERPs) include measures 
for preoperative management, intraoperative care, post-
operative recovery, and pathway quality evaluation.

•	 ERP improves the quality of patient care by establishing 
standardized care paths based on evidence-based litera-
ture and current practice guidelines.

•	 A modified frailty index (MFI) allows for preoperative 
risk stratification and identifies patients that will require 
extra healthcare resources.

•	 A combination of oral antibiotics administered during the 
preoperative phase combined with intravenous antibiotics 
administered within 1 h of surgery appears to be the most 
efficacious strategy to decrease SSI.

•	 Measurement of ERP compliance is necessary to make 
sure the individual stated pathway items are being 
accomplished.

�Introduction

Among the goals of a successful surgical practice, delivering 
high-quality patient-centered care while maintaining a low 
procedure-specific morbidity and readmission rate is of para-
mount importance. Facilitating a patient’s recovery and 
assisting them to return to their usual activities safely, but 
also as soon as possible, should be viewed as part of these 
goals [1]. Accomplishing these goals benefits not only 
patients, but by decreasing length of hospital stay (LOS) and 
costs associated with diagnosis and treatments of complica-
tions, they also help to improve the efficiency with which 
healthcare is provided [2–5].

In the era of bundled payment, “pay for performance,” and 
ongoing cuts in healthcare reimbursement, decreasing hospi-
tal operating expenses may contribute to increasing or at 
least maintaining hospitals’ financial viability [6]. Cost-
analysis data demonstrating that a specific healthcare system 

is able to deliver comparable patient care at a lower cost may 
also influence insurance preference to established contracts 
with a specific healthcare system over another.

Minimally invasive techniques have had a major impact 
on postoperative recovery, contributing to a reduction in 
LOS and cost [6]. In many subspecialties, these techniques 
have now substituted open operations and become the stan-
dard of care. However, optimizing patient recovery goes far 
beyond a particular technical approach. It requires a multi-
disciplinary approach that includes not only surgeons, anes-
thesiologists, and nurses, among others but also the patient 
himself. Enhanced recovery protocols (ERPs) start at the 
surgeon’s office by engaging the patients in this process, 
managing expectations, and converting them from a passive 
recipient of care into an active member of this recovery 
team. Standardization of perioperative care measures com-
bined with minimally invasive colorectal surgery has 
decreased, in our hands, LOS to an average of 2.6 days, with-
out a significant impact on readmission rate [7–12].

�What Is an ERP?

Traditionally, pre-, intra-, and postoperative management had 
varied depending on individuals’ practice preferences of the 
various members of the healthcare team involved. This 
approach creates significant variability throughout the health-
care process, since surgeons, anesthesiologists, hospitalists, 
and ancillary support to name some managed patients based 
on past experiences, usually gained during residency or 
school training. This variability increases complications and 
healthcare cost as patients are not necessarily managed 
according to current recommendations [2, 4, 5, 10–33].

In an effort to reduce postoperative complication rates and 
decrease or contain healthcare costs, the concept of creating 
specific evidence-based protocols or pathways where the 
various components of pre-, intra-, and postoperative care 
are outlined and could, therefore, be followed by all the 
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members that participate in any given healthcare episode 
was developed [2, 3, 10, 16, 17, 23].

Initially called fast-track pathways, these care paths are 
now most commonly called enhanced recovery pathways 
(ERPs), which refer to the multimodality patients’ care 
approach where patients’ orders are clearly established based 
on evidence-based literature and current practice guidelines. 
These orders are then routinely followed, minimizing vari-
ability among providers with the goals of decreasing mor-
bidity and mortality rates and increasing quality of care as a 
result. The decrease in healthcare resource utilization 
achieved as a result of decreased complications, and LOS 
contribute to decrease costs [10, 15, 21, 23, 25]. As patients 
progress through a healthcare intervention, specialty-specific 
order sets clearly outline patients’ management at any given 
point in time, from the preoperative encounter until care is 
completed, generally at the time of hospital discharge.

The direct consequences of the application of specialty-
specific pathways are well documented and include a reduc-
tion in morbidity, mortality, and length of hospital stay (LOS). 
This reduction in LOS is seen both after open and laparo-
scopic operations when compared to patients that are man-
aged outside a pathway. An even greater reduction in LOS is 
seen when open versus laparoscopic colorectal procedures 
coupled to a perioperative pathway are compared. This differ-
ence persists even when readmission rates are included into 
the overall LOS for any given patient [7, 10, 12, 16–18, 21, 
22, 27, 30–32, 34–42].

�Components of an ERP

From a practical standpoint, ERP can be divided in four 
parts: (a) preoperative management, (b) intraoperative care, 
(c) postoperative recovery, and (d) quality pathway evalua-
tion measures.

Each part includes a series of measures or steps as follows:

	(a)	 Preoperative management: (1) preoperative evaluation 
(i.e., frailty score and pre-habilitation); (2) fasting prior 
to surgery, mechanical bowel preparation, and preopera-
tive antibiotics usage; (3) patient education; and (4) 
analgesia (for practical purposes, as it overlaps with 
pre-, intra-, and postoperative management, analgesia is 
addressed as a whole in the intraoperative section).

	(b)	 Intraoperative care: (1) minimally invasive colorectal 
surgery when possible, (2) standardized intraoperative 
fluid resuscitation, (3) analgesia, and (4) venous throm-
boembolism prophylaxis (VTE).

	(c)	 Postoperative recovery: (1) analgesia; (2) intravenous 
fluid management; (3) early oral feeding and ambulation; 
(4) prevention of postoperative nausea and vomiting 
(PONV) and postoperative ileus (POI), role of nasogas-
tric tube and motility agents; (5) venous thromboembo-
lism prophylaxis (VTE); and (6) discharge planning, 
follow-up, and coordination of care.

	(d)	 Quality pathway evaluation measures: (1) electronic order 
sets creation and updates to comply with best practice 
parameter guidelines and evidence-based literature, (2) 
implementation and monitoring of pathway application, 
and (3) quality improvement measures.

�Enhanced Recovery Pathways (ERPs) 
After Surgery: Challenging 
“Traditional” Patients’ Care 
Management

Traditionally, postoperative care varies depending on surgeon’s 
preferences and his understanding of patients’ clinical condi-
tion. In general, perioperative management practices learned 
during training tend to be maintained once in practice despite 
evidence that would suggest that new available pathways may 
help decrease postoperative complications, length of stay, and 
the associated healthcare cost. Furthermore, compliance with 
ERP application has been associated with improved outcomes, 
decreased LOS, and cost reduction [19, 43].

Multiple factors may impact the application of new mod-
els of care. Limited time to interact with patients both in the 
preoperative setting and during the inpatient stay leads to a 
feeling of lack of control when attempting to implement 
changes. As surgeons adjust to the demands of current prac-
tice styles, and the implementation of electronic medical 
records, providing coverage to multiple hospitals and to 
increase productivity, modifying patient care patterns learned 
through personal experience during training in favor of new 
care pathways described on medical literature, but without 
any clinical experience is difficult [44–46].

However, as teaching hospitals expose trainees to these 
new models of care, a new generation of surgeons is entering 
the working force with the knowledge and experience to 
implement and lead these changes.

Electronic medical records, with the capability of creating 
order sets, also play an important role in eliminating vari-
ability in patients’ management as they provide a blue print 
that is easily reproduced from patient to patient.

Successful implementation of these new models of care 
depends not only on the surgeon; on the contrary, they 
required significant institutional support as multiple teams 
across the healthcare spectrum are necessary in order to 
improve patients’ care and reduce costs [47, 48]. As pathways 
are developed and implemented, full potential can be achieved 
with active participation from anesthesiologists, nursing staff, 
physical therapists, and ostomy teams. This increase in 
resource utilization may contribute to a perception of 
increased cost and healthcare expenditure and lead to a lack 
of support from hospitals’ administration. Although there is 
an initial increase in cost, the increased healthcare expendi-
ture is offset through a reduction in patients’ morbidity and 
length of hospital stay [49–51].
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The concept of “team” is key to the success of these 
changes in patients care practices, as surgeons alone without 
the appropriate supportive environment may encounter dif-
ficulties in improving patient experience. Monitoring adher-
ence to a given pathway allows for quality control measures 
to be periodically evaluated, ensuring participation of the 
various teams involved and allows for modifications to the 
pathway to be implemented as necessary [52–54].

At the end, incorporating an enhanced recovery pathway 
(ERP) into a practice or hospital system should lead to 
improve patient care, decreased morbidity and mortality, 
reduced length of hospital stay (LOS) and healthcare cost, 
while maintaining or even decreasing readmission rates 
(Table 7-1) [1].

�Where Does the Pathway Start?

The answer to this question needs to be considered both from 
the surgeon and from an institutional viewpoint.

From a surgeons’ perspective, in its simplest form, an ERP 
starts with a surgeon implementing a specialty-specific order 
set. As the use of ERP is applicable to most specialties across 
the board and affects hospitals’ expenditure and therefore 
profit margins, more advanced setups require the participation 
of multiple teams (surgery, anesthesia, nursing, etc.) [55].

As specialty-specific ERPs are created, institutional sup-
port facilitates their introduction and use. Creation of spe-
cialty-/department-specific committees allows for input from 
these teams to be incorporated into the ERP.  There is no 
point in modifying preoperative fasting time to 2 h for liq-
uids, to cite an example, if the individual anesthesiologist 
will not accept and be willing to anesthetize a patient due to 
his own practice preferences, despite the fact that guidelines 
indicate that such practice is safe [56–58]. Multiple exam-
ples like this one can be described, and consensus is neces-
sary among healthcare providers and ancillary teams as the 

institution moves forward in the development of these 
pathways. Teams usually involved include, but are not limited 
to, surgeons, nursing staff, physical therapist, information 
technology personnel, residents, respiratory therapist, and 
ostomy team members. The configuration of these committees 
may vary, as pathways have been successfully implemented 
across multiple specialties and specialty-specific needs are 
targeted [59].

�Preoperative Management

�Preoperative Evaluation: Frailty Score 
and Pre-habilitation

Several patient factors can negatively affect the outcome 
after elective colorectal surgery. Among them, nutritional 
status has been directly associated with outcomes and 
should be viewed as part of the preoperative assessment 
of patients within an ERP program [60]. Several tools can 
be used to evaluate nutritional status. The subjective 
global assessment (SGA) tool allows patients to be strati-
fied in well, moderate, and severe malnutrition (SGA-A, 
SGA-B, and SGA-C, respectively). Postoperative compli-
cations after colorectal surgery, as well as LOS, have both 
increased as patients’ nutritional status worsens. Morbidity 
increases from 11% for SGA-A to 31% and 41% for 
SGA-B and SGA-C.  Length of stay increases as well, 
with hospital days increasing from 4 to 5 and 7, respec-
tively, for SGA-A, SGA-B, and SGA-C [61]. Prolonged 
preoperative nutrition, either enteral (whenever use of the 
gastrointestinal tract is possible) or parenteral, may 
improve nutrition within 2–3 weeks and decrease compli-
cations. Therefore, preoperative nutritional assessment 
and optimization should be part of an ERP, as both 
morbidity and LOS improve when appropriate steps are 
implemented [62, 63].

Table 7-1.  Quality measures between patients managed within and outside an established enhanced recovery pathway (ERP)

Author Within ERP Outside ERP
Morbidity  
(ERP vs. non-ERP)

LOS (days)  
(ERP vs. non-ERP)

Readmission rates 
(ERPs vs. non-ERP)

Bradshaw et al. [155] 36 36 8% vs. 11% 4.9 vs. 6 3% vs. 3%

Basse et al. [157] 130 130 25% vs. 55% 3.3 vs. 10 21% vs. 12%

Anderson et al. [158] 14 11 28% vs. 45% 3.9 vs. 6.9a 0% vs. 0%

Raue et al. [156] 23 29 17% vs. 24% 4 vs. 7 4 % vs. 7 %

Delaney et al. [15] 33 31 22% vs. 30% 5.2 vs. 5.8a 9.7% vs. 18.2%

Gatt et al. [159] 19 20 47% vs. 75% 6.6 vs. 9a 5.3% vs. 20%

Khoo et al. [59] 35 35 25% vs. 51% 5 vs. 7a 9% vs. 3%

Serclova et al. [160] 52 51 21% vs. 48% 7.4 vs. 10.4a 0% vs. 0%

Muller et al. 2009 [161] 75 76 21% vs. 49% 6.7 vs. 10.3a 3.9% vs. 2.6%

LAFA 2011 laparoscopic 
[153]

100 109 34% vs. 37% 5 vs. 6 6% vs. 6.4%

LAFA 2011 open [154] 93 98 43% vs. 41% 6 vs. 7 7.4 % vs. 7.1 %

aMean length of stay (LOS)
Data obtained and combined into current table from Wind et al. [153], Vlug et al. [154], and Adamina et al. [1]
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Frailty, defined as a decrease in physiologic reserve and 
multisystem impairment independently of the normal aging 
process, where patients show a combination of decreased 
muscle mass and functionality, signs of chronic inflamma-
tion, and altered metabolism, is also a marker of increased 
postoperative morbidity and mortality as well as prolonged 
LOS [64, 65].

A modified frailty index (MFI) allows for preoperative 
risk stratification and may allow to identify patients that will 
require extra healthcare resources early on and to plan in 
accordance. Eleven variables are considered, and some of 
them can be optimized preoperatively, such as chronic 
obstructive pulmonary disease or congestive heart failure 
[66]. Published data has demonstrated a correlation with 
LOS, and utilization of MFI may allow surgeons to identify 
patients early on that may require additional healthcare 
resource utilization. Data suggest that approximately 61% of 
patients with a MFI of 1 or less had a LOS between 1 and 3 
days, while more than 50% of patients with a MFI of 3 or 
more are hospitalized between 4 and 8 days [61].

Preoperative optimization is recommended when possible, 
and certain measures such as stopping alcohol or smoking 4 
weeks prior to surgery are associated with improved out-
comes [60, 61, 64]. Pre-habilitation, a term that refers to a 
structured process, aims to improve patients’ capacity to 
respond to surgical stress, and decreased postoperative com-
plications are currently an area of research within ERP pro-
tocols. Although creation of a structured program that 
combines preoperative exercise training, nutritional support, 
and optimization of chronic disease processes appears as a 
logical progression of preoperative management, there is not 
sufficient data at this time to support the allocation of 
resources to the creation of such programs. They represent, 
however, an avenue for active research with potential to pos-
itively impact patients’ outcomes and could be considered at 
the time of creation of an ERP.

�Fasting Prior to Surgery, Mechanical Bowel 
Preparation, and Preoperative 
Antibiotics Usage

Classic preoperative management teaching had focus on lim-
itation of oral intake prior to surgery, the role of mechanical 
bowel preparation, and antibiotics usage [60].

Traditionally, patients are asked to fast from midnight 
onwards prior to surgery. Published literature has evaluated 
the role of carbohydrate loading prior to elective surgery. 
Solid intake is then limited to 6  h prior to surgery and 
carbohydrate-rich fluids to 2 h. It appears to be of some ben-
efit in terms of decreasing postoperative insulin resistance, 
LOS, and patient satisfaction (i.e., decreased in thirst); how-
ever, the level of evidence is low, and further studies are 
required to determine how it may affect patient recovery. 
Some literature suggests that preoperative carbohydrate 

loading improves PONV and decreases loss of muscle mass. 
However, further studies are needed, as patient benefits may 
not be superior when preoperative oral glucose is compared 
to intravenous glucose infusion during surgery. Independent 
of potential benefits, reducing fasting times and the usage of 
preoperative carbohydrate drinks up to 2 h prior to surgery is 
safe as there is no increased risk of anesthesia complications 
[67–70].

Mechanical bowel preparation prior to colorectal surgery 
has also been a topic of debate, with a large body of literature 
showing that there is no difference in outcomes whether 
mechanical preparation is used or not [71–74]. A Cochrane 
review that included 5805 patients demonstrated no differ-
ence in wound infection, anastomotic leakage, intra-
abdominal infectious complications, or need for reoperation 
independently of whether a mechanical bowel preparation 
was used or not [75]. However, colonic manipulation during 
laparoscopic surgery is easier when a mechanical bowel 
preparation is used. Jung et al. randomized 1343 patients to 
mechanical bowel preparation versus no preparation and 
found similar results. This study, published in 2007, evalu-
ated patients enrolled between 1999 and 2005 [76]. Recently, 
long-term follow-up data from this study found a change in 
cancer-specific survival when a mechanical bowel prepara-
tion was used. The 10-year cancer-specific survival was 
84.1% versus 78% for patient who underwent mechanical 
bowel preparation versus those who did not [77]. However, 
Van’t Sant et  al. reviewed data from 382 patients (median 
follow-up 7.6  years) and found no difference in survival 
among groups (bowel preparation vs. none) [78]. Although 
further studies are now needed in order to evaluate the rela-
tionship of mechanical bowel preparation and long-term spe-
cific survival, as the authors themselves point out, surgeons 
should consider reviewing their current practices, as mechan-
ical bowel preparation may not change early postoperative 
outcomes, but it may impact long-term survival.

It is our practice to use mechanical bowel preparation 
when a patient will be diverted, for left colon and rectal 
resections, when an intracorporeal anastomosis is planned, 
and in those cases that may require an intraoperative colo-
noscopy. As a result of the data mentioned above, mechani-
cal bowel preparation for right colectomies is being used by 
part of our team.

The third component of the preoperative management 
includes the usage of antibiotics prior to surgery. Adequate 
coverage should include both aerobic and anaerobic flora. 
Meta-analyses have shown that there is a decrease in surgical 
wound infection (SSI) when antibiotics usage is compared to 
placebo. A risk reduction of at least 75% has been found with 
a decrease in wound infection from 40% to 14–6% [79–82]. 
As surgeons currently administer antibiotics routinely within 
1 h of the surgical starting time as part of compliance with 
Surgical Care Improvement Project guidelines (SCIP), the 
decision-making process currently centers in what the ideal 
regimen is. The ideal regimen should not only control SSI 
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but also consider cost and adverse effects of a selected regi-
men. A combination of oral antibiotics administered during 
the preoperative phase (usually while the patient undergoes 
mechanical bowel preparation) combined with intravenous 
antibiotics administered within 1 h of surgery appears to be 
the most efficacious strategy to decrease SSI (6.5%). 
Continuation of antibiotics beyond 24  h after elective sur-
gery offers no benefit, and it is not recommended under cur-
rent guidelines [79, 83]. It is our practice to give antibiotics 
the day prior to surgery during the bowel preparation, fol-
lowed by one dose in the operating room. Re-dosing varies 
depending on the antibiotic used half live and the length of 
the case.

�Patient Education

From a surgeon-patient interaction perspective, an ERP 
starts in the first office visit. The concept of early hospital 
discharge is not new. The first reports are from the 1990s. 
Although successful implementation was demonstrated back 
then, they also showed that managing patients’ expectations 
is important, as a significant number of patients felt they 
were discharged home too early despite meeting discharge 
criteria, based mainly in their perception of inpatient postop-
erative recovery times.

Patient education is a key component of an ERP. The con-
cept or view of patients being passive recipients of care 
should be changed. Patients should be actively engaged in 
the recovery process and understand that they play a signifi-
cant role in decreasing complications. A motivated patient, 
with clear goals to meet in mind, is more likely to comply 
with perioperative tasks such as ambulating, incentive spi-
rometry usage, and reduction of narcotics intake to name a 
few [1, 3, 60].

These goals and expectations can be discussed during the 
preoperative encounter and reinforced by written educa-
tional material, preoperative meeting with the ostomy team 
when necessary, and encouraging the patient to communi-
cate their questions or concerns as needed. Easy patient 
accessibility to the care team, in many cases through a nurse 
practitioner or a medical assistant, plays an important role in 
the development of the patient-physician-healthcare team 
relationship. From a patient’s perspective, being discharged 
home in postoperative day 2 or 3 after a major abdominal 
surgery may be perceived as a daunting scenario. Easy acces-
sibility to the healthcare team through healthcare extenders 
helps develop trust in the system and contributes to improve 
patient satisfaction. Institutional support plays an important 
role in this process, as resources need to be available to 
incorporate, for example, nurse practitioner into the teams. 
However, having someone available within the team to 
address patients’ questions once discharged, either through 
phone or email communication, can contribute to decrease 
readmission rates and should be seen as part of the efforts to 
improve care and patient satisfaction.

�Intraoperative Pathway

�Minimally Invasive Colorectal Surgery

Current data shows that only 50–70% of colorectal resec-
tions in the United States are performed in a minimally 
invasive fashion. The national average LOS after colorec-
tal surgery reported by Medicare is approximately 9 days; 
a substantial variability in the quality of care that has been 
delivered can be seen when LOS of 2–3 days is common 
after laparoscopic colorectal resections [1, 6, 14, 18, 23, 
30, 42, 84]. From an economic point of view, the average 
cost per inpatient day in the United States varies between 
$1625 and $2025 (2010 data). This difference in LOS rep-
resents gross savings of approximately $9750 per patient 
per hospital stay.

Minimally invasive colorectal surgery combined with 
enhanced recovery protocols has shown to decrease LOS to 
an average as low as 2.6  days, with some patients being 
safely discharged home within 24 h. At the same time, early 
hospital discharge has been associated to readmission rates 
comparable to patients being managed outside an ERP  
[4, 7–10, 12, 38, 40, 41, 85].

ERP can be successfully applied for patients undergoing 
open colorectal procedures, with data supporting a decrease in 
morbidity and LOS compared to non-pathway patients. 
However, LOS is invariably longer when compared to patients 
undergoing a minimally invasive procedure. Therefore, proce-
dures performed open, laparoscopic, and in an emergent basis 
should be managed within the established ERP, with mini-
mally invasive surgery preferred over open when possible  
[5, 8, 10–12, 17, 24, 26, 31, 38, 40, 41, 43, 86, 87].

�Intraoperative Fluid Administration

Fluid administration during surgery is an area of ongoing 
debate. As fluid homeostasis is affected by changes in sev-
eral hormones during the postoperative period, the amount 
of fluid given during the surgery itself varies significantly 
based on individual practices. Historically, fluid resuscita-
tion tends to overestimate requirements which translate into 
early postoperative weight gain secondary to fluid retention 
and third spacing [55]. Studies using restrictive fluid resusci-
tation strategies have shown a decrease in cardiopulmonary 
complications and LOS without an adverse effect in anasto-
motic leakage or surgical-specific complications. However, 
the data is not clear regarding the optimal strategy, as differ-
ent studies had used different regimens, with variations in 
the type of fluid used (colloid vs. crystalloid) and the option 
of increasing fluid administration based on intraoperative 
clinical parameter interpretation by the individual anesthesi-
ologist [88]. These situations make comparison difficult; 
therefore, there are no clear guidelines as to what the ideal 
regimen is. By measuring intraoperative “real-time” volume 
status using transesophageal Doppler to determine stroke 
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volume and vasopressor medication once normovolemia is 
achieved, a LOS as low as 2.7 days has been reported, with a 
subgroup of patients being discharged home within 23  h 
[55]. This approach, described as a goal-directed therapy, as 
patients’ fluid resuscitation is tailored based on individual 
needs, has shown similar results to data published by Delaney 
et al., who has reported a similar LOS without the need of 
additional intraoperative equipment (i.e., transesophageal 
Doppler probe) and the need of anesthesiologists with that 
particular skill set. Both these factors may increase cost 
without a clear change in outcomes in elective cases or in 
patients with minimal comorbidities [88–97]. These results 
are further validated by Senagore et  al., who randomized 
patients undergoing a minimally invasive procedure within 
an ERP pathway and compared standard versus goal-directed 
fluid resuscitation. The standard group has a shorter LOS 
(64.9 h vs. 75.5 h, respectively) [98].

Currently, intraoperative restrictive fluid administration 
appears to be superior to traditional intraoperative fluid 
resuscitation protocols, and a standardized anesthesia proto-
col should be established as part of an ERP. However, further 
studies are necessary to determine the role of goal-directed 
therapy, independent of whether intraoperative transesopha-
geal Doppler monitoring or finger-probe monitoring is used, 
as there may be a subset of patients that could benefit from 
this technology [55].

�Analgesia

From our standpoint, pain control starts prior to surgery, con-
tinues during the procedure and the hospital stay, and ade-
quately maintains based on specific patients’ needs after 
discharge. Pain management is described in this part of the 
chapter; however, the ERP should address pre-, intra-, and 
postoperative pain control.

Adequate pain control is of paramount importance after sur-
gery, as patients are more likely to ambulate and resume some 
routine daily activities sooner when postoperative pain is well 
managed. The opposite is also true, as patients with inadequate 
pain control are most likely to remain in bed, to avoid deep 
breathing and actively engaging in their recovery, as they per-
ceive pain as a limiting factor to what they can do. At the same 
time, it is considered a patient’s right and patients’ satisfaction 
can be negatively affected when pain management is not ade-
quate. It is not only indicative of poor patient management in 
most cases, but it may also affect hospital reimbursement as 
patients’ satisfaction becomes tied to it [55, 60].

There is no ideal pain regimen, as analgesia requirements 
vary from patient to patient and type of analgesic used is 
influenced by patients’ history of chronic narcotics usage, 
liver and kidney function’s profiles, and age to name some. 
Ideally, the selected analgesia regimen will control patients’ 
pain while minimizing the development of adverse effects, 
such as PONV, POI hypotension, or kidney injury, among 
others.

Blocking nociceptor activation prior to a painful stimulus, 
a term described as “preemptive” analgesia, has been exten-
sively discussed in the medical literature. However, high-
quality data to support its usage is scarce. Preemptive 
analgesia includes multiple interventions, from oral analge-
sic administration starting the day prior to surgery to place-
ment of epidural catheters or spinal analgesia prior to the 
beginning of the procedure or local infiltration of the surgical 
sites in the case of laparoscopy. Data supporting these differ-
ent strategies varies; however, simple measures such as pre-
operative intake of oral medication should be considered as 
part of an ERP. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) such as ibuprofen or diclofenac are usually incor-
porated into the ERP and administered starting 24 h prior or 
the day of surgery [99–101]. Gabapentin, a central acting 
agent, can also be started in the preoperative stage, and it is 
part of the ERP protocol used by the authors. Data regarding 
the use of short- and long-acting anxiolytic medication has 
been reported; however, these drugs are currently not recom-
mended by the ERAS society [60, 102–106].

Intraoperatively, local infiltration of the surgical port sites 
has not shown to decrease postoperative pain requirements. 
Liposomal bupivacaine may be used; however, there is yet 
no evidence to support its use. On the contrary, peripheral 
nerve blocks such as a transverse abdominis muscle pain 
(TAP) block have shown to decrease postoperative opioid 
usage. It is a technically simple, low-cost procedure that can 
easily be performed under laparoscopic or ultrasound guid-
ance [107–109].

Postoperative analgesia has also been subject to extensive 
debate. The use of epidural analgesia versus a combination 
of intravenous opioids delivered using patient controlled 
analgesia (PCA) equipment and scheduled intravenous 
NSAIDs such as ketorolac and/or paracetamol appears to be 
similar in controlling pain in most cases. Although the use of 
epidural catheters may improve pain scores initially, overall 
pain control, LOS, and patient satisfaction appear to favor 
the latter [33, 110–115].

The combination of an opioid PCA and intravenous ketor-
olac or acetaminophen in the initial postoperative phase 
(postoperative day zero or 1) followed by a combination of 
these medications by mouth as soon as patients start oral 
intake is favored by the author and is part of the standard 
ERP protocol and the electronic order sets.

A combination of epidural analgesia administered and 
intravenous opioids and NSAIDs is an alternative that 
should be considered in chronic opioids users. Epidurals 
analgesia may be limited to the administration of a local 
anesthetic or to a combination of a local anesthetic and opi-
oids. Although there is extensive data regarding the use of 
thoracic epidural analgesia documenting its safety, it is an 
invasive procedure with associated complications such as 
pruritus, urinary retention, and postoperative hypotension. 
Postoperative hypotension secondary to an inhibition of the 
sympathetic tone is of particular importance when using an 
epidural catheter. In these cases, patients may benefit from 
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a decrease in the amount of medication being delivered 
rather than from the administration of intravenous fluids 
boluses [115, 116].

A one-time intrathecal administration of an opioid and 
local anesthetic (0.5% bupivacaine) followed by a combina-
tion of a narcotics PCA and NSAIDs appears to be superior 
than both of the abovementioned options; however, it is an 
invasive procedure, and further data is required to determine 
its real impact on LOS [116]. It is not currently part of our 
standard ERP.

�Venous Thromboembolism Prophylaxis (VTE)

Venous thromboembolism prophylaxis is currently part of 
the SCIP guidelines and commonly built in as part of the 
mandatory electronic admission order sets. SCIP guide-
lines require starting of prophylaxis within 24 h of surgery. 
This allows for variability in the usage of the medication, 
as surgeons may opt to administer it prior to the surgical 
procedure itself or within the 24 h period. Data supporting 
the use of either unfractionated heparin versus low molec-
ular weight heparin shows very little difference between 
these prophylactic agents. However, data regarding the 
length of prophylaxis after surgery is still controversial 
[60, 117]. A Cochrane meta-analysis that included four 
randomized trials demonstrated a reduction in VTE from 
1.7 to 0.2% when prophylaxis was maintained for 4 weeks 
[118]. However, a database review of more than 52,000 
patients found that the prevalence of postoperative symp-
tomatic VTE after only inpatient prophylaxis was 0.67% 
[119, 120]. A recently published randomized controlled 
trial of 1 versus 4 weeks of pharmacological VTE prophy-
laxis specifically after colorectal laparoscopic surgery 
showed that VTE occurred in 9.7% versus 0.9%, respec-
tively [121]. Symptoms of VTE were present in only two 
and one patient respectively. No episodes of pulmonary 
embolism occurred in either group. Guidelines indicated 
that prophylaxis should be continued for 4 weeks, espe-
cially in oncologic patients [60].

In our practice, patients with limited mobility, being dis-
charged to a skill nursing facility, morbid obese, with 
advanced malignancies, with coagulation disorders, or with 
prior history of VTE or PE, are usually discharged on a 
4-week course.

�Postoperative Recovery

�Analgesia

Pain control should continue during the inpatient stay as 
well as after discharge. Pain management strategies have 
been described earlier in the chapter. From an outpatient 

pain management standpoint, a gradual decrease in medica-
tion usage is expected. Medication (both opioids and 
NSAIDs) should be prescribed, keeping this in mind and 
considering the potential for abuse associated with narcotics 
usage. The amount of narcotics usage in the United States is 
significantly higher when compared to the rest of the world, 
and efforts are being implemented at a government level to 
monitor opioids usage. A fine line is required to maintain 
adequate pain control and patients’ satisfaction while 
preventing abuse.

It is our practice to start a combination of acetaminophen 
and NSAIDs the day after surgery unless a specific contrain-
dication exists. These medications are scheduled, while opi-
oids are used for breakthrough pain control. Opioid PCA is 
usually discontinued in postoperative day 1 after a laparo-
scopic resection.

�Intravenous Fluid Management

ERP have demonstrated the safety of initiating early oral 
intake, thus being able to decrease intravenous fluid require-
ments. At the same time, published data indicated that 
restricting intravenous fluids to less than <2  l/day versus 
>3 l/day are associated with increase gastric emptying, faster 
recovery of gastrointestinal function, and overall decrease 
morbidity and LOS [55]. It is our practice to limit or stop 
intravenous fluids within 24–48 h of surgery.

�Early Oral Feeding, Ambulation, and Role 
of Nasogastric Tube

A large body of literature has shown that early introduction 
of oral intake within 24 h of surgery is safely tolerated in 
70–90% of patients. Even though a Cochrane review and a 
meta-analysis fail to show a reduction in LOS when early 
feeding is introduced, numerous single institution reports 
over the last 10 years or more have reported average LOS 
of just over 2 days, and restarting oral intake within the first 
day of surgery has been an integral part of their ERPs [122]. 
Although early feeding increases the risk of vomiting 
[123], the risk of aspiration pneumonia remains the same 
whether feeding is started early on or after return of bowel 
function (absolute risk of 0–6.3% vs. 0–7.1%, respectively) 
[122–126]. Early feeding has also been associated with a 
decrease in insulin resistance, hyperglycemia, and wound 
infection.

Encouraging and facilitating early ambulation through the 
aid of ancillary staff while the patient is still in the hospital is 
key to achieve the goal of a short LOS.  Early ambulation 
helps decrease muscle waste and helps prevent a reduction  
in gastrointestinal motility associated with an increased time 
in bed [125, 126].

7.  Optimizing Outcomes with Enhanced Recovery



114

�Prevention of Postoperative Nausea 
and Vomiting (PONV) and Postoperative Ileus 
(POI): Role of Nasogastric Tube and Motility 
Agents

ERP routinely includes medications that try to decrease 
PONV and prevent the development of POI. Several classes 
of antiemetics are available, and each class has been shown 
to be superior to placebo in the management of PONV. A 
combination of two or more drugs decreases even further the 
incidence of PONV [127–133].

A single dose of intravenous dexamethasone during sur-
gery combined with ondansetron (serotonergic 5-HT3 recep-
tor antagonists) appears to be the most adequate strategy to 
prevent PONV. Ondansetron is continued during the postop-
erative period at a dose of 4  mg every 6–8  h as needed. 
Studies have demonstrated a decreased incidence in PONV 
with ondansetron compared to metoclopramide. For patients 
at increased risk of developing PONV, a combination of a 
transdermal scopolamine patch and ondansetron can be used 
with studies suggesting increased efficacy when compared to 
ondansetron alone [131, 132].

Postoperative ileus (POI) refers to a transient impairment 
in gastrointestinal motility that prevents oral intake. Various 
definitions of POI have been proposed. Classically, it has 
been described as a delay to restart oral intake for more than 
3 days after laparoscopic surgery or to more than 5 days after 
open procedures. Senagore et  al. proposed an alternative 
classification by describing POI as any situation that requires 
a return to “nil per os” or the insertion of a nasogastric tube 
(NG). He further defines ileus as primary or secondary based 
on whether it is associated (secondary) or not to any other 
complication (i.e., anastomotic leakage) [9, 128, 129].

Primary POI causes not only patient discomfort and delays 
hospital discharge; it is a significant cause of healthcare 
expenditure, accounting for approximately $750 million per 
year [55, 132].

Alvimopan, a peripheral-acting mu-opioid receptor antag-
onist, has been shown to decrease the time required for return 
of gastrointestinal function and decrease POI and LOS after 
open and laparoscopic colorectal surgery. However, its role 
after laparoscopic colorectal surgery and an established ERP 
is less clear; Delaney et al. described a reduction in POI from 
4 to 12% when comparing two matched laparoscopic colec-
tomy groups when alvimopan was used. However, LOS (3.6 
vs. 3.7 days) and hospital readmission rates (4% vs. 4.2%) 
were the same in both groups [134–141].

Oral magnesium oxide was described to facilitate return of 
bowel function after colonic surgery and as part of an ERP 
protocol. However, the data available is small and have not 
been validated in further studies.

Bisacodyl, either orally or as a suppository, facilitates 
return of bowel function; however, LOS is unchanged, and 
the amount of data available is limited [142, 143].

Chewing sugarless gum postoperatively has also been 
associated with a decreased time to return of bowel function 
and decreased LOS. The level of evidence is very robust, and 
its associated cost and reported adverse effects (i.e., bloat-
ing) are minimal [144–147].

Nasogastric tube decompression has been shown to have 
no role as a preemptive measure to prevent PONV or 
POI.  Furthermore, it delays return of bowel function and 
hospital discharge. Therapeutic NG decompression still has 
a role in the treatment of POI; however, its usage is required 
in less than 10% of patients [148–150].

�Venous Thromboembolism Prophylaxis (VTE)

VTE prophylaxis should be initiated within 24 h per SCIP 
guidelines. This topic has been addressed earlier on the chap-
ter while discussing intraoperative management; however, 
addressing VTE prophylaxis is mandatory during the post-
operative period under current practice parameters.

�Discharge Planning, Follow-Up, 
and Coordination of Care

Discharge planning, follow-up, and coordination of care 
with other healthcare teams (i.e., predischarge appointments 
coordination with the different healthcare provider such as 
oncology, as needed) should be initiated early on during hos-
pital stay. This process is facilitated by the electronic medi-
cal records system and electronic orders/appointments 
scheduling. Incorporation of ancillary support staff such as 
nurse practitioners, stoma therapists, social workers, and 
physical therapists as members of the ERP team allows for 
active education, planning, early identification of patients 
that may need home care or to be discharged to physical 
rehabilitation or extended care facilities, and decreased 
unnecessary hospital stay secondary to poor planning or 
administrative delays such as insurance approval [2, 9, 15, 
21, 29, 31, 151, 152].

�Quality Pathway Evaluation Measures

�Electronic Order Set Creation and Updates 
to Comply with Best Practice Parameters 
Guidelines and Evidence-Based Literature

Creation of specialty-specific order sets requires the partici-
pation of the various members that contribute on a daily 
basis to patient care and application of the ERP. This includes 
surgeons, anesthesiologists, information technology person-
nel, nurses, ostomy/wound care team members, physical 
therapist, residents, and social workers to name a few. Data 
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have shown that the initial cost of implementing an ERP is 
offset by the reduction in morbidity and LOS achieved with 
the subsequent pathway implementation. Regular meetings 
are required to ensure that the ERP and the associated order 
sets remain in compliance with changes in practice parameters, 
evidence-based guidelines, and government and insurance 
policies [1, 43, 60].

�Implementation and Monitoring of Pathway 
Application

Compliance and application of the numerous components of 
an ERP have been shown to vary within members of any 
given colorectal group. Changes in members of the ERP can 
impact the way ERPs are implemented, and morbidity and 
LOS may change accordingly. Mobile Internet-based appli-
cations currently exist and are being used in high-volume 
centers to monitor in real-time ERP compliance and to iden-
tify variables that can affect its application, such as indi-
vidual surgeon’s preferences or a lack of support personnel. 
As information technology progresses and variables that 
affect patient care are identified, an opportunity for further 
improvement of ERP may occur. There is no data at the pres-
ent time to evaluate its effect in overall patients’ experience, 
quality of care, and healthcare cost [153–156].

�Quality Improvement Measures

Since the beginning of the century and secondary to high 
morbidity and mortality rates and a constant increase in 
healthcare cost, numerous programs have been developed to 
try to standardize care. With the objective of improving qual-
ity by decreasing variability among healthcare providers and 
contain cost, programs such as SCIP and National Surgical 
Quality Improvement Program (NSQIP) were developed. 
Over time, regional initiatives supported by private funding 
also developed as the opportunity to change individuals’ 
practice styles toward an evidence-based, and best practice 
guidance model was seen as a way to achieve those goals.

Compliance with SCIP measures is becoming part of 
everyday practice. However, some of the standardized mea-
sures have failed to significantly improve quality. Internal 
practice monitoring and benchmarking them to national stan-
dards, as long as confounding variables can be included (i.e., 
tertiary center patients’ complexity and postoperative mor-
bidity), may allow physicians and hospitals to modify prac-
tice parameters and improve outcomes [1, 36–38, 45, 48, 64]. 
An easy-to-apply metric to evaluate for quality in colorectal 
surgery was described by the senior author of this chapter. 
The HARM score takes into consideration hospital stay, read-
mission, and mortality rates. The score is calculated by giving 
each patient discharge a value from 1 to 10. As the hospital 
mean HARM score increases from <2, to 2–3, to 3–4 and 
more than 4, an increase in complication rates after elective 

colorectal surgery is seen, changing from 15.2% to 18.2%, 
to 24.0%, and to 35.6%, respectively. This metric provides 
surgeons a low-cost tool to compare quality and may allow 
for identification of true outlier performers [152].

�Conclusion

The combination of ERPs and minimally invasive colorec-
tal techniques has demonstrated a reduction in morbidity 
and mortality and overall length of hospital stay and is 
associated with a low readmission rate. This multimodal 
approach, based on interdisciplinary work, contributes to 
the standardization of patients’ care and, as a result, con-
tributes to increase quality of care. Its implementation 
through specialty-specific order sets covers the whole epi-
sode of care, from preoperative management until comple-
tion of care is achieved. Continuous pathway monitoring 
allows for updates in the order sets to be made to adjust to 
changes in best practice parameters and pathway compli-
ance. Overall, the decrease in complications associated 
with the implementation of an ERP and minimally invasive 
colorectal surgery achieves the goals of improving quality 
of patients’ care while simultaneously reducing healthcare-
related cost when compared to patients managed outside a 
specific pathway [1–3, 6–9, 13–16, 18, 21, 35–38, 45, 47, 
48, 62, 64, 84, 86].
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