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KEY POINTS

� Enhanced recovery after surgery (ERAS) or “fast-track” pathways are a multimodal
approach to the perioperative management of patients undergoing colorectal surgery
designed to improve the overall quality of care.

� Typical fast-track management includes proper patient selection, avoidance of bowel
preparation unless indicated, multimodal pain management including epidural catheters,
use of a laparoscopic approach when possible, avoidance of excessive fluid administra-
tion, early diet advancement and ambulation, and adherence to Surgical Care Improve-
ment Project (SCIP) measures.

� Fast-track protocols are safe for patients and offer improvement in intestinal recovery and
hospital discharge.

� A higher rate of hospital readmissions should be expected, although the overall hospital
days will be lower than in standard perioperative management.
INTRODUCTION

Fast-track pathways, also known as ERAS pathways, were first introduced in the mid-
1990’s and are a more recent addition to the care of patients undergoing colorectal
procedures.1 The purpose of these pathways is to use current evidence in a stream-
lined multidisciplinary manner with the aim of minimizing surgical pain and enhancing
recovery, leading to fewer complications, more rapid hospital discharge, and
improved overall outcomes. These pathways encompass all facets of perioperative
care, including preoperative planning, intraoperative management, and postoperative
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care. Success is achieved by making evidence-based management decisions aimed
to expedite recovery and minimize complications after surgery, which ultimately
decreases the use of hospital resources and health care costs.
Several small trials have been performed in the past several years comparing tradi-

tional perioperative management with a fast-track approach in colorectal surgery.2–8

These studies demonstrated more rapid return of bowel function, shorter inpatient
hospital stays, and fewer complications, although 2 studies3,8 noted an increased
rate of readmissions after fast-track surgery. Systematic review and meta-analysis
has supported these findings with decreased hospital stay and no change in mortality,
complications, or readmissions.9 From this information, fast-track protocols are a safe
useful tool for any surgeon performing colorectal procedures.

PREOPERATIVE EVALUATION AND PATIENT SELECTION

Proper patient selection is the first and perhaps most important component of a
fast-track pathway. Not all patients should be considered for this type of management.
The best candidates for fast-track protocol are primarily healthy individuals requiring
straightforward procedures for diverticulitis, polyps, or nonobstructive malignancy
(Box 1). Generally, any patient with American Society of Anesthesiologists (ASA)
score 1 or 2 and select ASA 3 patients may be included. Finally, the patient should
be well informed and amenable to fast-track management because active patient
participation will directly affect the success of the program. In ideal circumstances,
the protocol should be discussed with the patient in a preoperative clinic visit, and
the goals, advantages, and risks discussed in detail.
Box 1

Indications and contraindications to fast-track management in colorectal surgery

Ideal patients for fast-track management

Straightforward elective procedures

ASA 1, 2, possibly 3

Ambulatory preoperatively

Good nutritional status

No prior abdominal surgery

Compliant, reliable, and amenable to fast-track management

Relative contraindications—use fast-track management with caution

Contraindication to epidural analgesia

Psychiatric issues

Poor social support

Difficult or unconventional procedure

Absolute contraindications to fast-track management

Emergent procedures (obstruction, perforation, ischemia)

ASA 4 or higher

Patients who are nonmobile or have limited mobility

Severe malnutrition

Noncompliant or reluctant to participate in the fast-track program
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There are also several patient groups in which fast-track management is inadvis-
able. These include patients who are malnourished, immobile, or minimally mobile.
Patients requiring emergent procedures should also be avoided, such as for ischemia,
obstruction, or perforation. Medical comorbidities should be considered, and all
patients with ASA 4 or higher and some ASA 3 patients would not be well suited for
fast-track management. The specific procedure should be considered in the decision,
and difficult procedures, such as those requiring extensive dissection or lysis of
adhesions, would be best managed via standard postoperative protocols. Owing to
the higher readmission rates after discharge from fast-track protocols, a patient’s
social support and psychiatric history should be considered, and patients who may
be unreliable, or may have difficulty returning for complications or follow-up, should
be fast-tracked with caution.
BOWEL PREPARATION

Mechanical bowel preparation before elective colorectal surgery was previously
considered the standard of care for decades. It was thought to decrease infectious
complications and anastomotic dehiscence by decreasing intraluminal fecal mass
and bacterial load. Although tolerated by most patients, cathartic bowel preparation
may cause dehydration and potentially severe electrolyte toxicities, especially in
elderly patients with renal insufficiency,10 and should not be treated lightly.
Recently, use of bowel preparation has been extensively studied. Meta-analyses

of multiple trials have concluded that bowel preparation is unnecessary and
fails to decrease infectious complications or improve outcomes after colorectal
surgery.11–13 Many surgeons continue using bowel preparation for patients requiring
a low rectal anastomosis because of concern that the column of stool may cause
anastomotic disruption. Detailed subgroup analysis comparing patients with and
without bowel preparation has failed to find a difference in anastomotic leakage,
infectious complications, mortality, peritonitis, or reoperation in both colon and rectal
procedures. Furthermore, no difference was found between oral bowel preparation
and enemas.11 However, in patients receiving cathartic bowel preparation, the addi-
tion of oral antibiotics may reduce infectious complications compared with prep
alone.14

Current clinical practice guidelines from the Canadian Society of Colon and Rectal
surgeons endorses omitting bowel preparation for open left-sided and right-sided
colon surgery but has found insufficient evidence for patients undergoing laparo-
scopic or low anterior resection procedures. Some surgeons may prefer a bowel prep-
aration in certain scenarios, such as resection of a small nontattooed lesion (<2 cm), or
if there may be a need to perform an intraoperative colonoscopy. This preference is
particularly relevant to laparoscopic procedures when the location of a lesion is uncer-
tain and manual palpation is not possible. Some surgeons may also prefer to use
a bowel preparation in all laparoscopic procedures to make colon manipulation easier,
and guidelines published by the Society of Alimentary Gastrointestinal Endoscopic
Surgeons (SAGES) have endorsed the use of bowel preparations in laparoscopic
colorectal surgery.15

At present there is no study specifically investigating the use of cathartic bowel
preparation in a fast-track pathway, although some studies investigating fast-track
protocols omitted bowel preparation,6,16 whereas others included a standard bowel
preparation.4,8 It is up to the specific surgeon as to the inclusion of a bowel prepara-
tion, but the general recommendation is to avoid routine use unless specifically
indicated.2
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LAPAROSCOPIC VERSUS OPEN PROCEDURES

Laparoscopy has revolutionized the modern practice of surgery and has become
a standard method for performing colon resection. Properly performed laparoscopic
colon surgery achieves appropriate surgical margins, accurate staging, and equivalent
survival when compared with open surgery.17 A meta-analysis of long-term outcomes
comparing laparoscopic to open colorectal surgery for cancer resection found no
difference in tumor recurrence, cancer-related mortality, as well as reoperations for
hernia or adhesions.18

When considering inclusion in a fast-track protocol, the laparoscopic approach to
colon resection offers several advantages. In trials comparing laparoscopic and
open colon surgery, patients undergoing laparoscopic colon resection have less post-
operative pain, fewer wound infections, shorter time to return of bowel function, and
shorter hospital stays. There is no difference in reoperation rate or postoperative
complications, but the procedure time is longer in laparoscopic procedures.19 Of
note, this difference in operative time between the 2 approaches has steadily
decreased as further experience with minimally invasive techniques has accrued
over time.
For these reasons, a laparoscopic approach should be preferred in the establish-

ment of a fast-track pathway, provided the patient is suitable for laparoscopy.
However, some groups have successfully implemented a fast-track pathway using
both open and laparoscopic techniques, with similar outcomes in bowel recovery,
hospital stay, morbidity, and mortality.20 Thus, although the laparoscopic approach
will likely yield more rapid return to normal activity and hospital discharge, an open
surgical approach should not exclusively preclude inclusion in a fast-track protocol.

FLUID MANAGEMENT

Standard fluid management in colorectal surgery involves liberal fluid administration
during both intraoperative and postoperative periods. However, this practice has
been challenged recently because excess intravenous (IV) fluid is suspected to
increase interstitial volume and total body weight, leading to ambulation difficulty,
cardiopulmonary dysfunction, and impaired tissue oxygenation. These effects are
suspected to contribute to anastomotic breakdown and wound infections.21 For this
reason, some institutions have adopted a protocol of fluid restriction in the perioper-
ative management of colorectal procedures.
Several randomized clinical trials have addressed the issue of fluid administration in

surgical patients. Two trials of patients undergoing colorectal surgery comparing
“standard” and “restricted” fluid administration found fewer complications in fluid-
restricted patients,22,23 whereas another found no difference in complications,
discharge time, and diet advancement.24 An additional trial comparing “restricted”
with “excess” fluid administration found no difference in hospital stay or complica-
tions, but fluid-restricted patients had less hypoxia and improved pulmonary function.
Unfortunately, the specific definition of “standard,” “excess,” and “restricted” fluid

administration is rather nebulous. A detailed description of perioperative fluid manage-
ment is beyond the scope of this article, but in general, “standard” perioperative fluid
management is divided into intraoperative and postoperative periods. Intraopera-
tively, insensible fluid losses are replaced 2 mL/kg/h and third-space losses are
replaced 1 to 3 mL/kg/h for minor surgical trauma (eg, hernia repair) and up to 6 to
8 mL/kg/h for major surgical trauma (including colon resection procedures). Patients
who are nil per os (NPO) preoperatively without hydration have a fluid deficit at the
start of the procedure, which is replaced according to maintenance fluid rates. In
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patients receiving bowel preparations, this deficit may be even greater. Blood loss is
replaced at 3 mL of crystalloid for every 1 mL of blood lost. Postoperatively, mainte-
nance fluid is administered at 4 mL/kg/h for the first 10 kg of body weight, 2 mL/kg/h
for the next 10 kg, and 1 mL/kg/h for each kg beyond 20 kg. Vital signs are monitored,
with a urine output goal of 0.5 to 1 mL/kg/h.25 Fluid administration is then altered as
clinically necessary.
Owing to the differences in fluid administration in different trials, 1 meta-analysis26

defined “standard” fluid management using calculated estimates of fluid requirements
based on the patient weight, length, and type of procedure. A range was defined as
the mean value �10%. Fluid “restriction” was any amount more than 10% beneath
the low limit of this range, and “excess” fluid administration was any amount more
than 10% above the upper limit. This study failed to find any significant differences
in mortality, anastomotic leakage, or wound infection, but overall morbidity was
decreased when intraoperative fluids were restricted. Decreases in morbidity were
also found in patients using intraoperative esophageal Doppler-guided fluid manage-
ment, although this method is experimental and not in widespread use.
Although it is impossible to devise a universal fluid administration protocol that is

satisfactory for all patients, the avoidance of excessive fluid administration is a prudent
strategy, with fluid boluses reserved for clinical indications of hypovolemia. This
strategy will decrease perioperative third spacing, likely facilitate a more rapid hospital
discharge, and would thus be advocated in a fast-track protocol. It is imperative that
any fluid administration protocol be developed in conjunction with the anesthesia
team because the intraoperative fluid volume given seems to have the greatest effect
on morbidity. Furthermore, the patient’s specific health status should be considered,
and fluid restriction should be used with caution or avoided completely in patients with
renal dysfunction, diabetes mellitus, history of alcohol overconsumption, and inflam-
matory bowel disease. Similarly, a careful approach should ensue in patients who
may not tolerate bolus fluid administration well, such as those with underlying conges-
tive heart failure, although admittedly, both strategies involve inherent risks in this
population.
PAIN MANAGEMENT

Pain management is another significant element of surgical perioperative care and is
best accomplished through cooperation between patients, nurses, anesthesiologists,
pain specialists, and surgeons. There are several methods available for pain control,
but most patients who undergo colorectal surgery receive either patient-controlled
opioid analgesia (PCA) techniques or indwelling continuous epidural analgesia (CEA)
with opioid or local anesthesia infusion for pain control. PCA has the benefit of
providing systemic delivery of opioids, which acts on opiate receptors in the brain
and body, and yields immediate pain relief. It also allows patients to self-titrate to their
individual pain level, and its use is associated with high levels of patient satisfaction.27

However, disadvantages include systemic opioid effects including respiratory depres-
sion, sedation, nausea and vomiting, and prolongation of postoperative ileus.
Continuous epidural anesthesia, also known as neuraxial anesthesia, has the benefit

of delivering a combination of local and opioid analgesia directly to the dorsal horn of
the spinal cord, thus delivering pain relief without systemic opioid effects.28 Negative
side effects of CEA include pruritis, urinary retention, and arterial hypotension, often
necessitating additional fluid administration. CEA also requires placement of a catheter
in the epidural space, an additional invasive procedure that can be associated
with rare complications of neuraxial bleeding or hematoma (approximately 1 in
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150,000 cases).29 CEA may be used safely in conjunction with pharmacologic deep
venous thrombosis (DVT) prophylaxis, and practice guidelines for proper use are avail-
able from the American Society of Regional Anesthesia.29

Several trials have investigated the potential benefits of PCA and CEA in patients
undergoing colorectal surgery with regard to pain control, resumption of diet, resolu-
tion of ileus, and hospital discharge. Most trials have found a benefit with CEA for the
end points pain control, diet resumption, and ileus resolution but have failed to
demonstrate a decrease in hospital stay.30,31 One study demonstrated a higher rate
of prolonged ileus32 in CEA patients while showing superior pain control, diet
advancement, and resolution of ileus with spinal anesthesia. Two different meta-
analyses33,34 and one systematic review35 found significant improvement in pain
control with CEA compared with PCA. Only 1 meta-analysis found improvement in
ileus resolution with CEA,33 although it was also associated with a higher incidence
of urinary retention, pruritis, and hypotension.
Although a definitive decrease in hospital stay has yet to be demonstrated, CEA use

does improve pain control when compared with PCA, and there is reasonable
evidence to suggest that it hastens resolution of ileus and helps diet advancement.
We would advocate for CEA use in fast-track pathways in patients without contraindi-
cations. Superiority of CEA seems to be greatest in the first 2 to 3 postoperative days
(PODs), so routine removal of CEA after POD 2 or 3 may be a useful strategy in a
fast-track pathway.30,32 If not anticipated, waiting for catheter removal could actually
delay discharge by an additional day, thereby nullifying any benefit achieved by earlier
resumption of diet and resolution of ileus.
Other modalities of pain control include local control by wound infiltration with local

anesthesia. This is an easy step with low morbidity and may help decrease doses of
CEA or PCA required to achieve adequate pain control. Nonsteroidal antiinflammatory
drugs (NSAIDs) such as ibuprofen (Motrin) or ketorolac (Toradol) are also useful in
controlling postoperative pain and have the added benefit of not worsening postoper-
ative ileus. Ketorolac is parenterally administered and particularly useful in the imme-
diate postoperative period. It acts through prostaglandin inhibition and has a similar
time to onset as IV morphine but has longer duration (6–8 h) and minimal central
nervous system effects of respiratory depression, sedation, nausea, and vomiting.
Side effects include inhibition of platelet aggregation, gastrointestinal (GI) ulceration,
and renal toxicity and so should be avoided or used cautiously in patients with
increased risk of bleeding or renal dysfunction. Acetaminophen can also be used
and is available in both oral and IV formulation. It is particularly useful as an adjunct
to oral narcotic pain medication. Because many oral preparations already contain
acetaminophen, the total daily dose should be monitored to avoid liver toxicity.
DIET ADVANCEMENT

A central tenet of a fast-track protocol is diet advancement to the patient’s preoper-
ative regimen. All patients considered for fast-track management should have a func-
tional nonobstructed GI tract immediately before their colorectal procedure. Gastric
drainage tubes have been shown to increase pulmonary complications, delay bowel
function, and increase length of stay without any difference in anastomotic breakdown
and so should not be used without evidence of ileus or obstruction.36 If they are used
intraoperatively for technical purposes, they should be removed as soon as the
surgery is completed.
Specific protocols for advancement of diet vary, and no protocol will be perfect for

all patients and procedures. Early enteral feeding has been studied extensively, and
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multiple trials37–40 and a meta-analysis41 have shown it to be safe and possibly
beneficial for patient recovery from colorectal surgery. Most fast-track protocols allow
at least some liquids immediately after surgery, some with addition of protein shakes
for added nutrition. Patients will then advance to their regular diet by POD 2 to 3, some
with a soft or blenderized diet in between, whereas other protocols allow for discharge
when tolerating a full liquid diet. The addition of alvimopan (Entereg), a highly selective
m-receptor antagonist, has been shown to improve recovery of intestinal func-
tion without adversely affecting postoperative analgesia42 and may be useful in
a fast-track protocol.43,44

DRAINAGE

Anastomotic drainage is a long-standing controversial topic, and many studies have
been conducted investigating its merits. Meta-analyses of trials in this topic have
failed to show a benefit for routine drainage,45,46 and routine anastomotic drainage
is not typically part of a fast-track pathway. However, if clinically indicated, drain
placement should not interfere with a standard fast-track protocol.

READMISSIONS

Readmission after discharge after colorectal surgery has been a significant drawback
to adoption of fast-track pathways. Several studies comparing fast-track to conven-
tional pathways have demonstrated higher readmission rates for patients in the
fast-track group when compared with the conventional group.3–5,8 Importantly,
despite the increased readmissions, the total hospital days are still lower for patients
managed by fast-track pathways. It is generally difficult to predict readmissions after
colorectal surgery,47 and most readmissions occur after POD 5 to 7, indicating that
a longer hospitalizationmay not have prevented the readmission.3,5 However, a slightly
higher readmission rate should be anticipated when adopting a fast-track protocol. It
is prudent to notify patients of this preoperatively and verify that patients are reliable,
have good social support structure, and are able to return to the hospital should
concerns or complications arise.

SCIP MEASURES

SCIP is a widely publicized initiative by the Center for Medicare and Medicaid
Services (CMS) and Centers for Disease Control (CDC) to reduce the number of post-
operative complications.44 Targeted events include surgical site infections (SSI),
adverse cardiac events, DVT and thromboembolism, and postoperative pneumonia.
All applicable measures currently recommended and recorded through SCIP can be
incorporated into a fast-track protocol.

� SSI prevention—Appropriate hair clipping, appropriate antibiotic administra-
tion within 1 hour before skin incision and discontinued within 24 hours, and
immediate postoperative normothermia (T >98.6�F within 1 hour of leaving
operating room).

� Adverse cardiac events—Patients on preoperative beta-blockade should be
continued throughout the operation and perioperative period.

� DVT—Appropriate thromboembolism prophylaxis (low-dose unfractionated
heparin 5000 units twice or thrice daily or low-molecular-weight heparin
combined with intermittent pneumatic compression or graduated compression
stockings).
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PROTOCOL MODIFICATIONS

No perioperative management protocol is perfect for all patients. The guidelines pre-
sented in this article are simply meant to act as a framework to standardize the post-
operative management, minimize complications, and decrease hospital stays, and
protocol deviations are expected. Each patient should be closely followed throughout
his or her hospitalization, and protocol changes should be made for proper clinical
indications. For example, patients with more severe pain may require an epidural or
PCA for a longer time and those with nausea and abdominal distension may have pro-
longed ileus and will thus require longer hospitalization. The fast-track protocol should
not usurp good clinical judgment. Even accounting for protocol deviations and
hospital readmissions, the overall number of hospital days will likely decrease when
a fast-track protocol is instituted.
SUMMARY

Fast-track protocols were developed to use current evidence to streamline perioper-
ative management for patients undergoing colorectal surgery, decrease compli-
cations, reduce hospital resource use, and improve the overall quality of care. Most
fast-track protocols include careful patient selection and preoperative planning,
avoidance of bowel preparation, avoidance of excessive fluid, laparoscopic approach
to surgery, multimodal pain management, early ambulation, and rapid diet advance-
ment. Despite the faster return to normal function and discharge, a higher readmission
rate is expected, although the overall hospital days are still fewer than with standard
management techniques.
Sample fast-track pathway

Preoperative

Medical risk stratification and workup.

Lesion marked with tattoo, if possible.

Bowel preparation for small lesions or anticipating intraoperative colonoscopy.

Review the surgical procedure, plan of care, and milestones with patients, their families, and
the anesthesia and nursing teams.

NPO after midnight before surgery.

Place epidural catheter for postoperative pain control.

Appropriate DVT and antibiotic administration.

Intraoperative

Prefer laparoscopic approach when feasible and safe.

Place Foley catheter for bladder drainage.

Appropriate antibiotic and thromboembolism prophylaxis.

Avoid excessive fluid; boluses for clinical indications.

Proper blood glucose level control.

Remove orogastric tube placed for technical purposes at the end of case.

No routine drainage unless clinically indicated.

POD 0

Maintenance IV fluids.



Return to normothermia within 1 hour of leaving operation room.

Restricted liquid diet (30–60 mL/h).

Begin ambulation out of bed to chair.

Begin incentive spirometry.

POD 1

Unrestricted liquid diet.

Heplock IV when tolerating liquids (>500 mL intake).

Monitor urine output for 0.5 mL/kg/h; bolus if clinically indicated.

Continue incentive spirometry and ambulation out of bed in hallway.

Discontinue bladder catheter.

Discontinue prophylactic antibiotics within 24 hours.

Consider scheduled acetaminophen or NSAIDS (ketorolac, ibuprofen) or for pain control if
indicated.

POD 2

Advance to soft or regular preoperative diet.

Continue ambulation, incentive spirometry, and other perioperative care.

Schedule epidural catheter removal in the early morning.

Start oral pain regimen.

POD 3 to 4

Remove epidural catheter.

Discharge home if afebrile with stable vital signs, tolerating diet, urinating spontaneously, and
pain controlled on oral regimen and if the patient is amenable to discharge.
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