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Enhanced recovery after surgery (ERAS) is a multimodal perioperative care pathway
designed to attenuate the stress response during the patients’ journey through
a surgical procedure (Fig. 1) to facilitate the maintenance of preoperative bodily
compositions and organ function and in doing so achieve early recovery. The concept
of multimodal surgical care was pioneered in the late 1990s by Professor Henrik Kehlet
in Copenhagen. He envisaged the need for improvement in various elements of
hospital health care systems, targeted at specific medical concerns of various subsets
of patients and all patients undergoing surgery, so that the overall outcome could be
improved.’ This process was initially thought to be a radical move away from tradition
and dogma to a fundamental change in the perioperative management of patients and
struggled to gain wider acceptance. However, with accumulating evidence from
several randomized controlled trials (RCTs), systematic reviews,? and meta-
analyses of the effects of the individual elements of ERAS pathway,®>™® significant
benefits of the individual elements were identified and an evidence-based consensus
protocol for perioperative care in patients undergoing colonic surgery was drafted by
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Fig. 1. A patient’s journey through an operative procedure.

the ERAS Group in 2005.° This document ushered in a paradigm shift in perioperative
care and the evidence base was updated in 20097 to include rectal surgery. The key
factors that keep patients in the hospital after uncomplicated major abdominal surgery
include the need for parenteral analgesia, intravenous fluids secondary to persistent
gut dysfunction, and bed rest caused by lack of mobility. These factors often overlap
and interact to delay recovery and discharge from the hospital. The key elements of
the ERAS pathways are aimed to address these issues and the interventions that facil-
itate early recovery cover all three phases of the perioperative period during the
patients’ journey. They also provide clear guidance to all members of the clinical
team, namely anesthetists, surgeons, physiotherapists, dietitians, and nursing staff.

HISTORY AND PHILOSOPHY OF ENHANCED RECOVERY AFTER SURGERY

The main philosophy of the ERAS protocol is to reduce the metabolic stress caused by
surgical trauma and at the same time support the return of functions that allow patients
to get back to normal activities rapidly (Fig. 2).

The work by Henrik Kehlet in 1997 proposed a multimodal approach to perioper-
ative care to achieve this goal. A couple of years later, the same group published
a paper reporting median length of stay of 2 days following colonic resections using
this philosophy.® These were followed by similar reports from the United States.®

In 2001 Fearon and Ljungqvist assembled leading surgical groups to form the
Enhanced Recovery After Surgery Study Group. The idea was to further develop the
protocol initiated by Kehlet and coworkers and to also have several international
surgical units use the same perioperative protocol. This idea would then enable a solid
basis for clinical trials to further improve the concept and to allow studies of yet unan-
swered questions to be addressed in a multinational, multicenter setting.

The Groups spent about 1 year to scrutinize the literature and to update the previous
protocols used by Kehlet’s group. This protocol was later published.® When assem-
bling the perioperative protocols in use in the various units, it became clear that
different practices were being used and that each unit was using about 30% to
40% of what had been found to be best practice in the literature.’® This finding
inspired the group to perform a survey of practices in use in the countries involved
and again different and mostly outdated treatments of the traditional kind were in
use throughout Northern Europe.'"-2 Given the vast gap between the best practice
according to the evidence available and what was in use, and the fact that the different
units often had different traditions, it was decided to study the period of change into
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Fig. 2. Philosophy of ERAS.
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Table 1
Summary of preoperative recommendations

Preoperative Elements

Rationale

Recommendations Grade of Evidence

Preadmission information and counseling

Preadmission counseling ensures a clear
understanding of the intended
perioperative care to be received with
emphasis on attaining specific preset
targets and would help in alleviating
the stress responses to surgery.2'23.27.28

Oral and written patient information C
regarding hospitalization, pain relief,
and achieving postoperative targets,
such as early nutrition, mobilization,
and discharge

No bowel preparation

Bowel preparation leads to dehydration
and changes in fluid and electrolyte
balance."”

No change?® or rather an increased risk
for complications, such as prolonged
postoperative, and increased risk for
anastomotic leakage from mechanical
bowel preparation.?5:30:31.33

Patients undergoing elective colonic A
resection above peritoneal reflection
should not receive routine oral bowel
preparation.

May be considered in low rectal resection
where a diverting stoma is planned.””

Preoperative nutritional support

Approximately 27%-45% of hospitalized
patients are malnourished.?%3281

Increases risk for tissue wasting, impaired
immune function, impaired healing,
and organ dysfunction resulting in
increased morbidity, length of stay,
readmission rates, delayed recovery,
hospital costs, and mortality.2%2473

Preoperative carbohydrate loading
reduces the incidence of
complications3*“8 and facilitates
accelerated recovery through early
return of gut function and shorter
hospital stay leading to an improved
perioperative well being.>"-52>4

Patients at risk for malnutrition using NRS A
2002 or SGA, or similar screening
methods, should be given preoperative
nutritional support, given orally if
possible.83.85

Patients should receive carbohydrate-
enriched drinks preoperatively.”
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Preoperative fasting

Preoperative fasting and surgery
predisposes to metabolic stress and
insulin resistance.”?

Overnight fasting does not reduce the
risk for aspiration. Intake of clear fluids
until 2 hours before anesthesia is as
safe.”*

The consensus guidelines from
a Cochrane review’# and guidelines
from anesthetic societies recommend
clear fluids until 2 hours before
induction of anesthesia and a 6-hour
fast for solid food.”

No long-acting sedatives/premedication

Long-acting sedatives, hypnotics, and
opioids (preemptive analgesia) were
thought to reduce anxiety and stress
related to surgery, but these effects are
far outweighed by the risk for
prolonged recovery caused by inability
to drink or mobilize postoperatively.

No effect on postoperative pain relief by
starting analgesic treatment before the
operation.>®

Short-acting anxiolytics have not shown
prolonged recovery or length of stay.>3

Medications causing long-term sedation
should be avoided.

Short-acting medications given to
facilitate insertion of epidural catheter
are acceptable.

Antimicrobial Prophylaxis

Prophylactic antibiotics minimize
infectious complications in colorectal
surgery.’®

A single dose, 1 hour before skin incision
and further doses for procedures
lasting more than 3 hours.”®

Thromboembolic
prophylaxis

Increased risk for thromboembolic
complications in certain high-risk
patients undergoing major abdominal
surgery is associated with prolonged
hospitalization and recovery

Subcutaneous low-dose unfractionated
heparin or subcutaneous low-
molecular-weight heparin.”®8°

Abbreviations: NRS, nutritional risk screening; SGA, subjective global assessment.
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Recommendations

Grade of Evidence

Table 2

Summary of intraoperative recommendations

Intraoperative Elements Rationale

Standard anesthetic protocol/mid- Rational use of short-acting agents to facilitate
thoracic epidural with local proactive recovery postoperatively.
anesthetic/opioid Preoperative commencement of mid-thoracic

epidural blocks stress hormone release and

attenuates postoperative insulin resistance.”
Helps in achieving analgesia and sympathetic

blockade and in preventing gut paralysis.*®

Avoid long-acting opioids. Mid-thoracic epidural
commenced preoperatively, containing local
anesthetic in combination with a low-dose
opioid.

Consider short-acting inhalational anesthesia as
an alternative to total intravenous anesthesia.

A

Laparoscopic/minimally invasive Decreased inflammatory response, insulin Laparoscopic-assisted colorectal surgery is A
surgery resistance, improved pulmonary function, recommended in dedicated specialist centers,

early return of bowel function, mobilization, with outcomes comparable to open surgery.
less pain, reduced incidence of complications,
readmissions, and length of stay.384>46

Maintenance of normothermia Reduced wound infections, cardiac Routine use of upper-body, forced-air heating A
complications, bleeding, and transfusion cover; prevention of hypothermia by warm
requirements,3%37.41:43.44 intravenous fluids

Perioperative fluid management  Sodium and fluid overload delays return of Fluid restriction, avoiding hypovolemia, sodium, A
gastrointestinal function, prolongs hospital and fluid overload
stay, increases side-effects and Goal-directed fluid therapy in high-risk cases
complications,3940:42

Selective use of drains Routine use of drains does not reduce the No drains after routine colonic resections above A
incidence or severity of anastomotic leak.35° peritoneal reflections

Short-term (<24 hours) drainage after low
anterior resections
Urinary drainage Increased risk for urinary tract infections Suprapubic catheter for rectal surgery C

following prolonged use.”®
Reduced incidence of complications®®

Early removal of catheters following colonic
surgery
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modern and evidence-based care in more detail. A database was initiated where the
demographics of the patients were to be recorded and detailed information about the
surgery and the perioperative care were also noted. A vast amount of work was put
into defining complications and having them recorded. The same was true for many
other details, in particular the definitions of a given surgical procedure that could be
different in different units. The physiological and operative severity score for the
enumeration of mortality and morbidity (POSSUM) scoring system was also included
along with the American Society of Anesthesiologists (ASA) classification to give an
opportunity to compare different units with different patient populations. One of the
criticisms of Kehlet’s first report was that there had been patient selection. When
comparing the units using the POSSUM scoring, the patient material was remarkably
similar in Copenhagen, Tromsd, Stockholm, Maastricht, and Edinburgh.

Each unit went ahead and started the implementation of the new routines. The
ERAS study group met on a regular basis and reviewed the data and shared experi-
ences. It became obvious that all units had difficulties getting the new program in
place, but the problems were not always the same. Although one unit may have prob-
lems overcoming resistance for a change in practice, the fact that another unit was
using that treatment successfully often helped effect the change. Already during the
first periods of running the program it became evident that the Copenhagen group
was much ahead of the rest and that it would take some time to catch up with
them. They, therefore, left the collaboration after the initial phase. It was also clear
that the patient material was much the same in all units and thus it should be possible
to have patients recover in about 3 days to be ready for discharge in all units. The
Copenhagen group, having sent patients home on day 2 as the target, had a high read-
mission rate of 25%, whereas the rest had a readmission rate of around 10% after
a hospital stay of 3 to 4 days. This result led to the Copenhagen group to change
the targeted stay to 3 days. It was, however, obvious that the most important factor
for the success of the protocol was the time itself that the program had been in
place.’®

A typical example for the Group was the work done at Ersta hospital in Stockholm. A
prospective collection of data was done before the commencement of the program
and the data from these patients were later compared with the first 100 patients
entering the program. From these data, it was obvious that even if it takes time to
put the entire program in place, it is still possible to achieve significant improvements
in outcomes and recovery from the start.’* However, without the use of the database it
would have been difficult to detect where the initial problems were and in which units
the program did or did not work. But already at the first complete follow-up it became
clear that there were two main problems: patients were given too much fluids during
and after surgery and the protocol was not working well from time to time at the post-
operative high-dependency unit. These issues were addressed and another round of
training was performed. Again it was shown that with improved compliance with the
protocol, further improvements in outcomes could be achieved. This time complica-
tion rates reduced as did several of the key problems that delayed discharge.'®

The database rapidly grew to one of the largest of its kind and opened possi-
bilities to study the roles of various factors for outcomes. For instance, one report
showed that when running an ERAS protocol in daily practice, factors, such as
a low body mass index, no longer affected outcomes.'® Clearly, even vulnerable
patients who are at risk also benefit from this standardized protocol and a recent
study has shown that patients classified as ASA 3 and 4 can also recover rapidly
when managed according to the ERAS protocol.’® A mixture of patients under-
going colorectal procedures was fit for discharge at a median of 4 days. More
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Table 3

Summary of postoperative recommendations

Postoperative Elements

Rationale

Recommendations

Grade of Evidence

No routine use of
nasogastric tube

Facilitates earlier return of bowel function
Not associated with increased risk for complications
or length of stay.?®7!

Nasogastric tubes should not be used routinely in
the postoperative period. Used in selected cases
of postoperative ileus, or unless severe PONV

A

Aggressive treatment Facilitates early oral feeding Individuals at moderate risk (>2 factors) should A
of PONV Symptoms related to postoperative ileus and receive, prophylactically, dexamethasone sodium
opioids can be more stressful than postoperative phosphate at induction or serotonin receptor
pain. antagonist at the end of surgery.”>”°
Female gender, nonsmoking status, history of
motion sickness or PONV, and postoperative
opioids confer high risk.
Prevention of Surgical stress, opioids, bowel handling, and fluid Mid-thoracic epidural analgesia, avoidance of fluid A
postoperative ileus overload predispose to ileus and impair Gl overload, and laparoscopic approach, where
function leading to delayed discharge. possible, is recommended.
Oral magnesium oxide promotes postoperative A low-dose postoperative laxative, such as
bowel function.>®57 magnesium oxide, may also be considered.
Postoperative TEDA results in better pain relief and earlier return-  Continuous epidural mid-thoracic low-dose local A

analgesia/Mid-thoracic
epidural analgesia

of-bowel function compared with patient-
controlled analgesia.5%-6567.68

Ineffective pain control, analgesia with oral or
intravenous opiates, lack of mobility, and loss of
appetite contributes to the delayed Gl recovery.>®

TEDA also results in attenuated stress response,
insulin resistance, reduced incidence of
respiratory and cardiovascular complications.®’

anesthetic and opioid combinations for
approximately 48 hours, following elective
colonic surgery and approximately 72-96 hours
after pelvic surgery

Acetaminophen (paracetamol) for baseline
analgesia (4g/d) postoperatively

Boluses for breakthrough pain NSAIDS started
following removal of epidural (multimodal
analgesia). Urinary catheter does not have to stay
for full duration of epidural and should be
removed at earliest

|e 12 ueypesen
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Early oral nutrition

Less gut permeability, early return of bowel
function, reduced length of stay and
complications.>%62-64

Oral diet, day of surgery with nutritional
supplements (200 mL, energy dense, 2-3 times
daily) until normal food intake is achieved.
Continued for several weeks in nutritionally
depleted patients.

Early mobilization

Decreases insulin resistance, risk of
thromboembolism and pulmonary dysfunction.
Increases muscle strength and facilitates early
discharge.

Encourage independence and mobilization for at
least 2 hours on the day of surgery (eg, turning,
sitting in bed) and 6 hours thereafter (eg,
walking).

Discharge criteria

Addressing patients’ special needs and anticipating
problems delaying discharge facilitates early
recovery and does not increase readmission
rates.>®

Criteria for discharge: mobilized to preoperative
level, pain control on oral analgesic, return of gut
function, and no complications in need of
hospital care.

Systematic audit

Documenting defined outcomes after
implementation of ERAS programs ensures
standard of care and identifies areas for
improvement.

A systematic audit should be performed to allow
direct comparison across institutions.

Abbreviations: Gl, gastrointestinal; NSAIDs, nonsteroidal antiinflammatory drugs; PONV, postoperative nausea and vomiting; TEDA, thoracic epidural analgesia.
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work is needed in this particular field, but given that the protocol itself relies
completely on best practice it would seem odd if the most vulnerable patients
should have any benefit from not being treated in an optimal way. Another novel
advantage of the database is that it has helped provide information about compli-
ance with the various elements of the ERAS pathway and relate this to outcome.’
Reporting how well various elements of a perioperative protocol have been
employed has major impact on outcomes, but this information is something that
is almost always missing.

The ERAS study group has recently been expanded with the inclusion of members
from Nottingham and St Mark’s Hospital in the United Kingdom and from Charité
Hospitals in Berlin. The Group has also decided to further expand the network within
and outside of Europe. The interest internationally is growing fast and more clinicians
are realizing that there are clear advantages to using experiences from other units and
from training sessions when trying to implement and spread the use of optimal perio-
perative care. This mission is one that the Group has now decided to undertake and
the ERAS group is now organizing itself to run major training sessions in multiple coun-
tries. At the same time the plan is to introduce the database to as many units as
possible and to set standards for audit and clinical research. The spreading of best
practice will also serve to help form clinical research networks that can further improve
the care of this large group of patients.

Most hospitals are organized in smaller units within larger departments and the
communication between the different departments is often far from optimal. In partic-
ular, it is unusual that staff from one unit are aware of what is actually going on in the
unit to which most of their patients are referred. Integration of all the treatments using
a multimodal approach at various stages of the patients’ journey leads to better
outcome.

Fluid administration represents a good example of how things can go wrong in many
places leading to problems further down the chain. The surgeon may still be a believer
in bowel cleansing and preoperative fasting (although both are shown to be outdated
as a routine). Bowel cleansing dehydrates patients’” and so does overnight fasting, to
some extent. Once anesthesia is induced, regardless of whether it is regional or
general, the blood pressure will drop. If patients are dehydrated, the pressure will
fall even more. This leads to the anesthetist or the nurse giving intravenous fluids to
restore the effective circulatory volume. Often patients receive around 3 to 4 L of fluid
in excess during a colonic resection lasting 2 to 3 hours. The excess fluid is often fol-
lowed postoperatively by even more intravenous fluids. Most of this fluid will end up in
interstitial space overload in most tissues and organ systems, including the gastroin-
testinal tract.'® This practice is one of the main reasons for postoperative ileus that
leave patients with abdominal distension, raised intra-abdominal pressure, stretching
of the wound, stress on the anastomosis, pain that is often difficult to relieve without
large doses of morphine, additional nausea and vomiting, further ileus as a result of
that medication, and the vicious cycle is perpetrated.'®° It all began with the surgeon
ordering the wrong treatments, causing problems for the anesthetist who in turn also
orders the wrong treatment. This practice could easily set patients back to stay in the
hospital up to 1 week longer, often without the capacity to eat, and hence, losing
muscle and strength, which results in a substantially longer convalescence to return
to normal function.

The ERAS protocol would have had patients go through the same operation with
a completely different protocol and outcome: no bowel cleansing, dinner and drinks
on the evening before the operation, carbohydrate drinks 2 hours before anesthesia,
and epidural activated in patients who are normovolemic. If there is any fall of blood
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pressure, the procedure is to limit fluids using colloids and balanced salt solutions
according to protocol (typically 1500 mL total) or under guidance of an esophageal
Doppler, and if needed, use vasopressors to control blood pressure during surgery.
Immediately after surgery patients are encouraged to drink and eat again. The target
for the fluid regimen is to have the patients’ weight stable through day 1 and to take
down the drip the morning after surgery. Several other factors also come into play
to secure gut mobility as fast as possible after surgery, but those previously mentioned
give the general idea behind the concept.

COMPONENTS OF ENHANCED RECOVERY AFTER SURGERY

Fig. 3 depicts the various elements of the ERAS pathway, which are grouped accord-
ing to the timing of intervention of these elements throughout the perioperative period.
Although most of these elements are derived from high-quality evidence from pub-
lished literature, some of the less studied elements of the ERAS pathway are based
on common consensus review or derived from traditional-care settings.

The rationale”'"2%-73 for incorporating these elements in the ERAS pathway and the
summary of recommendations for individual elements’4 83 with the grades of
evidence according to the Center for Evidence Based Medicine, Oxford, England,®*
are illustrated in Tables 1-3. Table 1 shows ERAS elements that are instituted in
the preoperative period, whereas Tables 2 and 3 illustrate the elements that form
the ERAS pathway in the intra- and postoperative periods, respectively.

ROLE OF LAPAROSCOPY

Laparoscopic colorectal surgery has struggled to get wider acceptance in ERAS
protocols because of its steep learning curve, concerns with oncological outcomes,
and initial reports on port-site recurrence after curative resection. Several studies
show that these reasons are unjustified and have reported individual advantages of
minimally invasive surgery, such as reduced inflammatory response, insulin resis-
tance, improved pulmonary function, early return of bowel function, mobilization,
less pain, reduced incidence of complications, and readmissions, leading to shorter
hospital stays and early recovery, despite varied postoperative management.3845:46
This finding is supported by two meta-analyses and a Cochrane review comparing
outcomes of laparoscopic colorectal resections that have reported early return of
bowel function; less analgesic requirements; and more importantly, similar oncolog-
ical clearance, no significant difference in local recurrence, distant metastasis, or
port or wound-site recurrence.®588 Laparoscopic surgery is associated with earlier
return to full activity (approximately 2 weeks, compared with 8 weeks for open surgery)
within the ERAS program.8%%0 A study looking at health-related quality-of-life data
showed shorter hospital stays and about 88% of subjects who had laparoscopic
surgery recovered completely within 12 months as compared with 58% who had
open surgery.®’ However, evidence for laparoscopic resections for rectal cancers is
less clear.9?°4 Studies looking at the feasibility of laparoscopic surgery for rectal
cancers have reported that laparoscopic resection and a fast-track program comple-
ment each other leading to better outcomes, and they can be safely implemented in
a general surgical unit.9®%

Evidence of Enhanced Recovery After Surgery from Randomized Controlled Trials

A recent meta-analysis®” of RCTs%-1%8 has reported that subjects undergoing major
open colorectal surgery and managed with a perioperative ERAS pathway had
a primary hospital stay of 2.5 days less than those managed with a traditional-care
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pathway, and had significantly fewer postoperative complications. There were no
statistically significant differences in readmission and mortality rates (Table 4).

EVIDENCE FROM OTHER SPECIALTIES

ERAS pathways have also shown positive outcomes, such as decreased length of stay
and complications, in patients undergoing surgical procedures other than colorectal
surgery, such as thoracic,'® vascular,'%%1% orthopedics, urology,'?”-11° esopha-
geal,’"112 pancreatic, '35 and liver''® 17 surgery. However, the evidence is limited
and needs further evaluation in future prospective studies.

COSTS AND SAVINGS

Evidence presented for individual elements of the ERAS pathway in the perioperative
period result in favorable outcomes without increasing readmission or mortality rates.
Although factors, such as patients’ fear or anxiety, preoperative organ dysfunction,
surgical stress response, perioperative hypothermia, hypoxemia, nausea, vomiting,
ileus, sleep disturbance, semi-starvation, nasogastric tubes, and drains and catheters,
can delay recovery, ERAS addresses these factors by preoperative information/
psychological preparation, optimizing associated physiologic dysfunction, correcting
nutritional defects, modifying alcohol abuse and smoking, epidural blockade, mini-
mally invasive operations, maintenance of normothermia and oxygen delivery, nausea
and ileus prevention, early feeding, disturbance-free sleep time, opioid sparing anal-
gesia, and evidence-based postoperative care. Although avoiding routine bowel prep-
aration and prolonged preoperative fasting; using intravenous fluids, drains, and
nasogastric tubes; and reducing nursing time and hospital stay all decrease the overall
costs, factors, such as preoperative counseling, patient and staff education, early
mobilization, and perioperative nutrition, can potentially increase the health care costs
in the short term. However, some studies have reported successful implementation of
ERAS elements with economic benefits at no increased costs without increasing the
complication or readmission rates.>''® The economic benefit of laparoscopic colo-
rectal surgery, however, still remains unclear.''® There are inconsistencies in reporting
cost effectiveness,®? though some studies have reported short-term and long-term
clinical benefits, including fewer complications,'2%-'22 similar survival, and cure rates
up to 3 years.'22 Changes in nursing tasks with reduction in postoperative nursing care
per day and per stay have been reported with no increased demands on nursing
time.2412% Although the exact savings may vary between units and health care
systems, undoubtedly shortening length of stay by 2 to 3 days saves resources and
decreasing complication rates by up to 50% reduces cost and suffering.

IMPLEMENTATION: DIFFICULTIES AND SOLUTIONS

The implementation of ERAS pathways, despite demonstration of advantages with
regards to clinical outcomes, such as length of stay, complications, readmissions,
or mortality, have been slow or have not been applied optimally in many
centers.*7126:127 Eyen though individual elements of ERAS pathways are based on
evidence-based principles that have been successfully implemented in dedicated
centers and district general hospitals, 28132 critics argue that reported advantages
in outcomes, such as shorter lengths of stay, could relate to changes in organizational
structure following implementation of fast-track programs and evidence regarding
recovery and follow-up should be reported in more detail in ERAS programs.’®® A
study reporting improved outcomes, such as early feeding, early mobilization, and
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Table 4
Summary of outcomes: evidence from six RCTs comparing eras with traditional care
in patients undergoing major elective open colorectal surgery
Statistical Heterogeneity
Outcome Studies Participants Method Effect Estimate  (I12) and P Value
Length of 6 452 Mean difference -2.51 (-3.54, 1> = 55%,
hospital stay (IV, random, -1.47) P<.00001
95% Cl)
Complications 6 452 Risk ratio (M-H, 0.53 (0.41, 0.69) |2 = 0%);
random, P<.00001
95% Cl)
Readmissions 6 452 Risk ratio (M-H, 0.80(0.32, 1.98) 1> =9%; P = .62
random,
95% Cl)
Mortality 6 452 Risk ratio (M-H, 0.53(0.09, 3.15) 1> =0%; P = .49
random,
95% Cl)

Effect estimate for experimental group (ERAS) compared with control group (traditional care). The
degree of heterogeneity is proportional to the 12 value.

Abbreviations: Cl, confidence interval; IV, inverse variance; M-H, Mantel-Haenszel.

Data from Varadhan KK, Neal KR, Dejong CHC, et al. The enhanced recovery after surgery (ERAS)
pathway for patients undergoing major elective open colorectal surgery: a meta-analysis of rand-
omised controlled trials. Clin Nutr 2010. [Epub ahead of print]. DOI:10.1016/j.cInu.2010.01.004.

early return of bowel function, before and immediately after implementing the
enhanced recovery program also showed that despite resulting in increased readmis-
sion rates, the total hospital stay was still lower compared with traditional care, with
decreased risk for complications in colonic surgery and no change in complication
rates in rectal surgery. However, implementation of ERAS protocols in a shared-
practice environment creates a complementary pattern of change, which favored
better outcomes for all patients, regardless of treatment by ERAS or traditional
methods'®* and without comprising the workload or working environment of nursing
staff.'?* Another study reported, despite incomplete implementation, ERAS protocols
showed good results when compared with traditional care.’3® Successful implemen-
tation of ERAS pathways have been reported following a brief preparatory period,
emphasizing the need for staff and patient education in achieving the intended goals
of ERAS pathways. 24136137 There is also evidence to support the fact that elderly
patients fare better when treated within an ERAS pathway and that age and nutritional
status are not independent determinants of morbidity or mortality’® and improved
patient satisfaction and quality of life with ERAS pathways.?':138

Although several studies and meta-analyses over the last few years have shown that
patients benefit from ERAS programs, implementing ERAS pathways across multiple
institutions has remained a challenge. Despite sometimes overwhelming evidence in
its favor, the acceptance of principles of ERAS has been slow among different health
care systems and clinicians in many countries. A way forward seems to be to focus on
identifying the pitfalls that inhibit implementation of ERAS programs, so that further
developments can be made within health care infrastructures for successful delivery
of ERAS pathways.'®® Improved application of ERAS pathways through staff and
patient education, a multidisciplinary approach to patient care, maintaining compli-
ance to ERAS elements, improving rehabilitation processes, benchmarking standards
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of care, and monitoring of performance against national and international standards
are recommended to further improve resource use and health care delivery across
all surgical specialties.

SUMMARY

In units where ERAS has been studied or implemented, the evidence shows marked
improvements in patient care and outcome. ERAS results in substantially faster
recovery of function and significantly fewer complications. Although there are no exact
figures available, these improvements also represent economic benefits to the
society. These improvements have been shown for patients undergoing elective colo-
rectal surgery, and there are reports demonstrating similar improvements in many
other types of surgery. Although the multimodal approach yields positive results, it
is less clear which specific components are particularly important for these improve-
ments. This matter remains to be studied. Despite the overwhelming improvements in
the results, it is difficult to implement the principles of ERAS in day-to-day general
surgical practice. Most units in the world cling to old and outdated traditional care prin-
ciples. It is only in some select centers that implementation of ERAS has been
successful. To successfully have the change of practice take place in a large number
of hospitals, a structured program for the implementation of ERAS seems to be the
most successful method employed so far. To secure the wide-spread use of modern
care and to find ways of securing the implementation of improved-care pathways in
daily surgical practice remains the main challenge for the surgical community. The
evidence is already there, it is the inner will and strength to change that is missing.

REFERENCES

1. Kehlet H. Multimodal approach to control postoperative pathophysiology and
rehabilitation. Br J Anaesth 1997;78:606-17.

2. King PM, Blazeby JM, Ewings P, et al. The influence of an enhanced recovery
programme on clinical outcomes, costs and quality of life after surgery for colo-
rectal cancer. Colorectal Dis 2006;8:506-13.

3. Eskicioglu C, Forbes SS, Aarts MA, et al. Enhanced recovery after surgery
(ERAS) programs for patients having colorectal surgery: a meta-analysis of
randomized trials. J Gastrointest Surg 2009;13:2321-9.

4. Gouvas N, Tan E, Windsor A, et al. Fast-track vs standard care in colorectal
surgery: a meta-analysis update. Int J Colorectal Dis 2009;24:1119-31.

5. Walter CJ, Collin J, Dumville JC, et al. Enhanced recovery in colorectal resec-
tions: a systematic review and meta-analysis. Colorectal Dis 2009;11:344-53.

6. Fearon KC, Ljungqvist O, Von Meyenfeldt M, et al. Enhanced recovery after
surgery: a consensus review of clinical care for patients undergoing colonic
resection. Clin Nutr 2005;24:466-77.

7. Lassen K, Soop M, Nygren J, et al. Consensus review of optimal perioperative
care in colorectal surgery: enhanced recovery after surgery (ERAS) Group
recommendations. Arch Surg 2009;144:961-9.

8. Kehlet H, Mogensen T. Hospital stay of 2 days after open sigmoidectomy with
a multimodal rehabilitation programme. Br J Surg 1999;86:227-30.

9. Delaney CP, Fazio VW, Senagore AJ, et al. ‘Fast track’ postoperative manage-
ment protocol for patients with high co-morbidity undergoing complex abdom-
inal and pelvic colorectal surgery. Br J Surg 2001;88:1533-8.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.

Enhanced Recovery After Surgery

Nygren J, Hausel J, Kehlet H, et al. A comparison in five European centres of
case mix, clinical management and outcomes following either conventional or
fast-track perioperative care in colorectal surgery. Clin Nutr 2005;24:455-61.
Lassen K, Hannemann P, Ljungqvist O, et al. Patterns in current perioperative
practice: survey of colorectal surgeons in five northern European countries.
BMJ 2005;330:1420-1.

Hannemann P, Lassen K, Hausel J, et al. Patterns in current anaesthesiologic
perioperative practice for colonic resections. A survey in 5 Northern-European
countries. Acta Anaesthesiol Scand 2006;50:1152-60.

Maessen J, Dejong CH, Hausel J, et al. A protocol is not enough to implement
an enhanced recovery programme for colorectal resection. Br J Surg 2007;94:
224-31.

Nygren J, Soop M, Thorell A, et al. An enhanced-recovery protocol improves
outcome after colorectal resection already during the first year: a single-center
experience in 168 consecutive patients. Dis Colon Rectum 2009;52:978-85.
Hausel J, Nygren J, Gustafsson U, et al. Enhanced recovery programs reduce
complications after colorectal surgery [abstract]. Clin Nutr Suppl 2008;3(S1):26.
Hendry PO, Hausel J, Nygren J, et al. Determinants of outcome after colorectal
resection within an enhanced recovery programme. Br J Surg 2009;96:197-205.
Holte K, Nielsen KG, Madsen JL, et al. Physiologic effects of bowel preparation.
Dis Colon Rectum 2004;47:1397-402.

Lobo DN. Fluid, electrolytes and nutrition: physiological and clinical aspects.
Proc Nutr Soc 2004;63:453-66.

Lobo DN. Fluid overload and surgical outcome: another piece in the jigsaw. Ann
Surg 2009;249:186-8.

Arora NS, Rochester DF. Respiratory muscle strength and maximal voluntary
ventilation in undernourished patients. Am Rev Respir Dis 1982;126:5-8.
Blazeby JM, Soulsby M, Winstone K, et al. A qualitative evaluation of patients’
experiences of an enhanced recovery programme for colorectal cancer. Colo-
rectal Dis 2009. [Epub ahead of print]. DOI:10.1111/j.1463-1318.2009.02104 .x.
Disbrow EA, Bennett HL, Owings JT. Effect of preoperative suggestion on post-
operative gastrointestinal motility. West J Med 1993;158:488-92.

Egbert LD, Battit GE, Welch CE, et al. Reduction of postoperative pain by
encouragement and instruction of patients. A study of doctor-patient rapport.
N Engl J Med 1964;270:825-7.

Giner M, Laviano A, Meguid MM, et al. In 1995 a correlation between malnu-
trition and poor outcome in critically ill patients still exists. Nutrition 1996;12:
23-9.

Guenaga KK, Matos D, Wille-Jergensen P. Mechanical bowel preparation for
elective colorectal surgery. Cochrane Database Syst Rev 2009;1:CD001544.
Jung B, Pahiman L, Nystrom PO, et al. Multicentre randomized clinical trial of
mechanical bowel preparation in elective colonic resection. Br J Surg 2007;
94:689-95.

Klafta JM, Roizen MF. Current understanding of patients’ attitudes toward and
preparation for anesthesia: a review. Anesth Analg 1996;83:1314-21.
Mahomed NN, Liang MH, Cook EF, et al. The importance of patient expectations
in predicting functional outcomes after total joint arthroplasty. J Rheumatol 2002;
29:1273-9.

Naber TH, Schermer T, de Bree A, et al. Prevalence of malnutrition in nonsur-
gical hospitalized patients and its association with disease complications. Am
J Clin Nutr 1997;66:1232-9.

541



542 Varadhan et al

30. Platell C, Hall J. What is the role of mechanical bowel preparation in patients
undergoing colorectal surgery? Dis Colon Rectum 1998;41:875-82 [discus-
sion: 82-3].

31. Ram E, Sherman Y, Weil R, et al. Is mechanical bowel preparation mandatory
for elective colon surgery? A prospective randomized study. Arch Surg 2005;
140:285-8.

32. Schutz T, Pirlich M. Malnutrition in the hospital: age as a special risk factor.
Pflege Z 2006;59:778-9.

33. Slim K, Vicaut E, Panis Y, et al. Meta-analysis of randomized clinical trials of
colorectal surgery with or without mechanical bowel preparation. Br J Surg
2004;91:1125-30.

34. Svanfeldt M, Thorell A, Hausel J, et al. Randomized clinical trial of the effect of
preoperative oral carbohydrate treatment on postoperative whole-body protein
and glucose kinetics. Br J Surg 2007;94:1342-50.

35. Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative maintenance of normo-
thermia reduces the incidence of morbid cardiac events. A randomized clinical
trial. JAMA 1997;277:1127-34.

36. Jesus EC, Karliczek A, Matos D, et al. Prophylactic anastomotic drainage for
colorectal surgery. Cochrane Database Syst Rev 2004;4:CD002100.

37. Kurz A, Sessler DI, Lenhardt R. Perioperative normothermia to reduce the inci-
dence of surgical-wound infection and shorten hospitalization. Study of Wound
Infection and Temperature Group. N Engl J Med 1996;334:1209-15.

38. Lin JH, Whelan RL, Sakellarios NE, et al. Prospective study of ambulation after
open and laparoscopic colorectal resection. Surg Innov 2009;16:16-20.

39. Lobo DN, Bostock KA, Neal KR, et al. Effect of salt and water balance on
recovery of gastrointestinal function after elective colonic resection: a rando-
mised controlled trial. Lancet 2002;359:1812-8.

40. Lobo DN, Dube MG, Neal KR, et al. Peri-operative fluid and electrolyte manage-
ment: a survey of consultant surgeons in the UK. Ann R Coll Surg Engl 2002;84:
156-60.

41. Nesher N, Zisman E, Wolf T, et al. Strict thermoregulation attenuates myocardial
injury during coronary artery bypass graft surgery as reflected by reduced
levels of cardiac-specific troponin |. Anesth Analg 2003;96:328-35.

42. Nisanevich V, Felsenstein |, Aimogy G, et al. Effect of intraoperative fluid
management on outcome after intra-abdominal surgery. Anesthesiology 2005;
103:25-32.

43. Schmied H, Kurz A, Sessler DI, et al. Mild hypothermia increases blood loss and
transfusion requirements during total hip arthroplasty. Lancet 1996;347:289-92.

44. Scott EM, Buckland R. A systematic review of intraoperative warming to prevent
postoperative complications. AORN J 2006;83:1090-104, 107-13.

45. Vlug MS, Wind J, van der Zaag E, et al. Systematic review of laparoscopic vs
open colonic surgery within an enhanced recovery programme. Colorectal Dis
2009;11:335-43.

46. Zerey M, Burns JM, Kercher KW, et al. Minimally invasive management of colon
cancer. Surg Innov 2006;13:5-15.

47. Hasenberg T, Rittler P, Post S, et al. A survey of perioperative therapy for elective
colon resection in Germany, 2006. Chirurg 2007;78:818-26.

48. Kaska M, Grosmanova T, Havel E, et al. Preparation of patients for operation with
per-oral intake on the day of the planned surgery. Rozhl Chir 2006;85:554-9.

49. Miedema BW, Johnson JO. Methods for decreasing postoperative gut dysmotil-
ity. Lancet Oncol 2003;4:365-72.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.

Enhanced Recovery After Surgery

Moiniche S, Kehlet H, Dahl JB. A qualitative and quantitative systematic review
of preemptive analgesia for postoperative pain relief: the role of timing of anal-
gesia. Anesthesiology 2002;96:725-41.

Noblett SE, Watson DS, Huong H, et al. Pre-operative oral carbohydrate loading
in colorectal surgery: a randomized controlled trial. Colorectal Dis 2006;8:
563-9.

Nygren J, Thorell A, Ljungqvist O. Preoperative oral carbohydrate nutrition: an
update. Curr Opin Clin Nutr Metab Care 2001;4:255-9.

Walker KJ, Smith AF. Premedication for anxiety in adult day surgery. Cochrane
Database Syst Rev 2009;4:CD002192.

Yuill KA, Richardson RA, Davidson HI, et al. The administration of an oral
carbohydrate-containing fluid prior to major elective upper-gastrointestinal
surgery preserves skeletal muscle mass postoperatively—a randomised clinical
trial. Clin Nutr 2005;24:32-7.

Andersen J, Hjort-Jakobsen D, Christiansen PS, et al. Readmission rates after
a planned hospital stay of 2 versus 3 days in fast-track colonic surgery. Br J
Surg 2007;94:890-3.

Basse L, Hjort Jakobsen D, Billesbolle P, et al. A clinical pathway to accelerate
recovery after colonic resection. Ann Surg 2000;232:51-7.

Basse L, Madsen JL, Kehlet H. Normal gastrointestinal transit after colonic
resection using epidural analgesia, enforced oral nutrition and laxative. Br J
Surg 2001;88:1498-500.

Basse L, Werner M, Kehlet H. Is urinary drainage necessary during continuous
epidural analgesia after colonic resection? Reg Anesth Pain Med 2000;25:
498-501.

Bisgaard T, Kehlet H. Early oral feeding after elective abdominal surgery-what
are the issues? Nutrition 2002;18:944-8.

Block BM, Liu SS, Rowlingson AJ, et al. Efficacy of postoperative epidural anal-
gesia: a meta-analysis. JAMA 2003;290:2455-63.

Kehlet H, Wilmore DW. Multimodal strategies to improve surgical outcome. Am J
Surg 2002;183:630-41.

Lassen K, Kjaeve J, Fetveit T, et al. Allowing normal food at will after major upper
gastrointestinal surgery does not increase morbidity: a randomized multicenter
trial. Ann Surg 2008;247:721-9.

Lewis SJ, Andersen HK, Thomas S. Early enteral nutrition within 24 h of intestinal
surgery versus later commencement of feeding: a systematic review and meta-
analysis. J Gastrointest Surg 2009;13:569-75.

Maessen JM, Hoff C, Jottard K, et al. To eat or not to eat: facilitating early oral
intake after elective colonic surgery in the Netherlands. Clin Nutr 2009;28:29-33.
Marret E, Remy C, Bonnet F. Meta-analysis of epidural analgesia versus paren-
teral opioid analgesia after colorectal surgery. Br J Surg 2007;94.665-73.
Nelson R, Edwards S, Tse B. Prophylactic nasogastric decompression after
abdominal surgery. Cochrane Database Syst Rev 2007;3:CD004929.

Tagi A, Hong X, Mistraletti G, et al. Thoracic epidural analgesia facilitates the
restoration of bowel function and dietary intake in patients undergoing laparo-
scopic colon resection using a traditional, non-accelerated, perioperative care
program. Surg Endosc 2007;21:247-52.

Turunen P, Carpelan-Holmstrom M, Kairaluoma P, et al. Epidural analgesia
diminished pain but did not otherwise improve enhanced recovery after lapa-
roscopic sigmoidectomy: a prospective randomized study. Surg Endosc
2009;23:31-7.

543



544 Varadhan et al

69. Urbach DR, Kennedy ED, Cohen MM. Colon and rectal anastomoses do not
require routine drainage: a systematic review and meta-analysis. Ann Surg
1999;229:174-80.

70. Wald HL, Ma A, Bratzler DW, et al. Indwelling urinary catheter use in the post-
operative period: analysis of the national surgical infection prevention project
data. Arch Surg 2008;143:551-7.

71. Yang Z, Zheng Q, Wang Z. Meta-analysis of the need for nasogastric or naso-
jejunal decompression after gastrectomy for gastric cancer. Br J Surg 2008;
95:809-16.

72. Thorell A, Nygren J, Ljungqgvist O. Insulin resistance: a marker of surgical stress.
Curr Opin Clin Nutr Metab Care 1999;2:69-78.

73. Stratton RJ, Green CJ, Elia M. Disease-related malnutrition: an evidence-based
approach to treatment. Oxford (UK): CABI Publishing; 2003.

74. Brady M, Kinn S, Stuart P. Preoperative fasting for adults to prevent periopera-
tive complications. Cochrane Database Syst Rev 20083;4:CD004423.

75. Carlisle JB, Stevenson CA. Drugs for preventing postoperative nausea and
vomiting. Cochrane Database Syst Rev 2006;3:CD004125.

76. McLeod RS, Geerts WH, Sniderman KW, et al. Subcutaneous heparin versus
low-molecular-weight heparin as thromboprophylaxis in patients undergoing
colorectal surgery: results of the Canadian colorectal DVT prophylaxis trial:
a randomized, double-blind trial. Ann Surg 2001;233:438-44.

77. Platell C, Barwood N, Makin G. Randomized clinical trial of bowel preparation
with a single phosphate enema or polyethylene glycol before elective colorectal
surgery. Br J Surg 2006;93:427-33.

78. Song F, Glenny AM. Antimicrobial prophylaxis in colorectal surgery: a systematic
review of randomized controlled trials. Br J Surg 1998;85:1232-41.

79. Wallenborn J, Gelbrich G, Bulst D, et al. Prevention of postoperative nausea and
vomiting by metoclopramide combined with dexamethasone: randomised
double blind multicentre trial. BMJ 2006;333:324-7.

80. Wille-Jorgensen P, Rasmussen MS, Andersen BR, et al. Heparins and mechan-
ical methods for thromboprophylaxis in colorectal surgery. Cochrane Database
Syst Rev 2003;4:.CD001217.

81. Westergren A, Wann-Hansson C, Borgdal EB, et al. Malnutrition prevalence and
precision in nutritional care differed in relation to hospital volume-a cross-
sectional survey. Nutr J 2009;8:20.

82. Braga M, Ljungqvist O, Soeters P, et al. ESPEN Guidelines on Parenteral Nutri-
tion: surgery. Clin Nutr 2009;28:378-86.

83. Weimann A, Braga M, Harsanyi L, et al. ESPEN Guidelines on Enteral Nutrition:
Surgery including organ transplantation. Clin Nutr 2006;25:224-44.

84. Phillips B, BC, Sacket D, et al. Levels of evidence and grades of recommen-
dations. Centre for evidence based medicine; University of Oxford; 2007.
Available from: http://www.cebm.net/index.aspx?0=1025. Accessed January
12, 2010.

85. Braga M, Ljungqvist O, Soeters P, et al. ESPEN guidelines on parenteral nutri-
tion: surgery. Clin Nutr 2009;28:378-86.

86. Abraham NS, Byrne CM, Young JM, et al. Meta-analysis of non-randomized
comparative studies of the short-term outcomes of laparoscopic resection for
colorectal cancer. ANZ J Surg 2007;77:508-16.

87. Liang Y, Li G, Chen P, et al. Laparoscopic versus open colorectal resection for
cancer: a meta-analysis of results of randomized controlled trials on recurrence.
Eur J Surg Oncol 2008;34:1217-24.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.


https://protect.checkpoint.com/v2/r04/___http://www.cebm.net/index.aspx*3Fo%3D1025___.Y3A0YTphc2E6YzpvOjZmNTZhZTUxNjJjNjkyNGFiM2FkYzhiY2U1ZGFjZjhmOjc6OWJiNTo2Yjk1Mzc3MGQwOGZlNWQxNGMwMDFhNmI4NTI2NDBmNzMyNjNjZjlkMzM5OTY4YzJmMWVlZDM1OWRkNjUwYmI2OnA6VDpO

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.

Enhanced Recovery After Surgery

Schwenk W, Haase O, Neudecker J, et al. Short term benefits for laparoscopic
colorectal resection. Cochrane Database Syst Rev 2005;3:CD003145.
Raymond T, Kumar S, Dastur J, et al. Case controlled study of the hospital stay
and return to full activity following laparoscopic and open colorectal surgery
before and after the introduction of an enhanced recovery programme. Colo-
rectal Dis 2009. [Epub ahead of print]. DOI:10.1111/j.1463-1318.2009.01925 x.
Raymond TM, Dastur JK, Khot UP, et al. Hospital stay and return to full activity
following laparoscopic colorectal surgery. JSLS 2008;12:143-9.

King PM, Blazeby JM, Ewings P, et al. Detailed evaluation of functional recovery
following laparoscopic or open surgery for colorectal cancer within an enhanced
recovery programme. Int J Colorectal Dis 2008;23:795-800.

Faiz O, Kennedy R. The cost of laparoscopic colorectal surgery. Colorectal Dis
2009;11:431-2.

Koopmann MC, Heise CP. Laparoscopic and minimally invasive resection of
malignant colorectal disease. Surg Clin North Am 2008;88:1047-72.

Kienle P, Weitz J, Koch M, et al. Laparoscopic surgery for colorectal cancer.
Colorectal Dis 2006;8(Supp! 3):33-6.

Spatz H, Zulke C, Beham A, et al. Fast-Track for laparoscopic-assisted rectum
resection-what can be achieved? First results of a feasibility study. Zentralbl
Chir 2006;131:383-7.

Scatizzi M, Kroning KC, Boddi V, et al. Fast-track surgery after laparoscopic
colorectal surgery: is it feasible in a general surgery unit? Surgery 2009.
[Epub ahead of print]. DOI:10.1016/j.surg.2009.09.035.

Varadhan KK, Neal KR, Dejong CHC, et al. The enhanced recovery after surgery
(ERAS) pathway for patients undergoing major elective open colorectal surgery:
a meta-analysis of randomised controlled trials. Clin Nutr 2010. [Epub ahead of
print]. DOI:10.1016/j.cinu.2010.01.004.

Anderson AD, McNaught CE, MacFie J, et al. Randomized clinical trial of multimodal
optimization and standard perioperative surgical care. Br J Surg 2003;90: 1497-504.
Delaney CP, Zutshi M, Senagore AJ, et al. Prospective, randomized, controlled
trial between a pathway of controlled rehabilitation with early ambulation and
diet and traditional postoperative care after laparotomy and intestinal resec-
tion. Dis Colon Rectum 2003;46:851-9.

Gatt M, Anderson AD, Reddy BS, et al. Randomized clinical trial of multimodal
optimization of surgical care in patients undergoing major colonic resection. Br J
Surg 2005;92:1354-62.

Khoo CK, Vickery CJ, Forsyth N, et al. A prospective randomized controlled trial
of multimodal perioperative management protocol in patients undergoing elec-
tive colorectal resection for cancer. Ann Surg 2007;245:867-72.

Muller S, Zalunardo MP, Hubner M, et al. A fast-track program reduces compli-
cations and length of hospital stay after open colonic surgery. Gastroenterology
2009;136:842-7.

Serclova Z, Dytrych P, Marvan J, et al. Fast-track in open intestinal surgery:
prospective  randomized study. (Clinical Trials Gov Identifier no.
NCT00123456). Clin Nutr 2009;28:618-24.

McKenna RJ Jr, Mahtabifard A, Pickens A, et al. Fast-tracking after video-
assisted thoracoscopic surgery lobectomy, segmentectomy, and pneumonec-
tomy. Ann Thorac Surg 2007;84:1663-7 [discussion: 7-8].

Muehling B, Schelzig H, Steffen P, et al. A prospective randomized trial
comparing traditional and fast-track patient care in elective open infrarenal
aneurysm repair. World J Surg 2009;33:577-85.

545



546 Varadhan et al

106. Murphy MA, Richards T, Atkinson C, et al. Fast track open aortic surgery:
reduced post operative stay with a goal directed pathway. Eur J Vasc Endovasc
Surg 2007;34:274-8.

107. Arumainayagam N, McGrath J, Jefferson KP, et al. Introduction of an enhanced
recovery protocol for radical cystectomy. BJU Int 2008;101:698-701.

108. Chughtai B, Abraham C, Finn D, et al. Fast track open partial nephrectomy:
reduced postoperative length of stay with a goal-directed pathway does not
compromise outcome. Adv Urol 2008:507543.

109. Gralla O, Haas F, Knoll N, et al. Fast-track surgery in laparoscopic radical pros-
tatectomy: basic principles. World J Urol 2007;25:185-91.

110. Maffezzini M, Campodonico F, Canepa G, et al. Current perioperative manage-
ment of radical cystectomy with intestinal urinary reconstruction for muscle-
invasive bladder cancer and reduction of the incidence of postoperative ileus.
Surg Oncol 2008;17:41-8.

111. Jiang K, Cheng L, Wang JJ, et al. Fast track clinical pathway implications in
esophagogastrectomy. World J Gastroenterol 2009;15:496-501.

112. Low DE. Evolution in perioperative management of patients undergoing oeso-
phagectomy. Br J Surg 2007;94:655-6.

118. Balzano G, Zerbi A, Braga M, et al. Fast-track recovery programme after pan-
creatico- duodenectomy reduces delayed gastric emptying. Br J Surg 2008;
95:1387-9G.

114. Berberat PO, Ingold H, Gulbinas A, et al. Fast track—different implications in
pancreatic surgery. J Gastrointest Surg 2007;11:880-7.

115. Kennedy EP, Rosato EL, Sauter PK, et al. Initiation of a critical pathway for
pancreaticoduodenectomy at an academic institution-the first step in multi-
disciplinary team building. J Am Coll Surg 2007;204:917-23 [discussion:
923-4].

116. MacKay G, O’'Dwyer PJ. Early discharge following liver resection for colorectal
metastases. Scott Med J 2008;53:22-4.

117. van Dam RM, Hendry PO, Coolsen MM, et al. Initial experience with a multimodal
enhanced recovery programme in patients undergoing liver resection. Br J Surg
2008;95:969-75.

118. Kariv Y, Delaney CP, Senagore AJ, et al. Clinical outcomes and cost analysis of
a “fast track” postoperative care pathway for ileal pouch-anal anastomosis:
a case control study. Dis Colon Rectum 2007;50:137-46.

119. Khan S, Gatt M, MacFie J. Enhanced recovery programmes and colorectal
surgery: does the laparoscope confer additional advantages? Colorectal Dis
2009;11:902-8.

120. Delaney CP, Chang E, Senagore AJ, et al. Clinical outcomes and resource utili-
zation associated with laparoscopic and open colectomy using a large national
database. Ann Surg 2008;247:819-24.

121. Aly EH. Laparoscopic colorectal surgery: summary of the current evidence. Ann
R Coll Surg Engl 2009;91:541-4.

122. Kaido T. Current evidence supporting indications for laparoscopic surgery in
colorectal cancer. Hepatogastroenterology 2008;55:438-41.

123. Murray A, Lourenco T, de Verteuil R, et al. Clinical effectiveness and cost-
effectiveness of laparoscopic surgery for colorectal cancer: systematic reviews
and economic evaluation. Health Technol Assess 2006;10:1-141.

124. Sjetne IS, Krogstad U, Odegard S, et al. Improving quality by introducing
enhanced recovery after surgery in a gynaecological department: conse-
quences for ward nursing practice. Qual Saf Health Care 2009;18:236-40.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Downloaded for Adam Eslick (adameslick@gmail.com) at The University of Sydney from ClinicalKey.com.au by Elsevier on
September 22, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.

Enhanced Recovery After Surgery

Jakobsen DH, Sonne E, Andreasen J, et al. Convalescence after colonic
surgery with fast-track vs conventional care. Colorectal Dis 2006;8:683-7.
Kehlet H, Wilmore DW. Evidence-based surgical care and the evolution of fast-
track surgery. Ann Surg 2008;248:189-98.

Kehlet H, Buchler MW, Beart RW Jr, et al. Care after colonic operation—is it
evidence-based? Results from a multinational survey in Europe and the United
States. J Am Coll Surg 2006;202:45-54.

Hammer J, Harling H, Wille-dJorgensen P. Implementation of the scientific
evidence into daily practice—example from fast-track colonic cancer surgery.
Colorectal Dis 2008;10:593-8.

Jottard K, Hoff C, Maessen J, et al. Life and death of the nasogastric tube in
elective colonic surgery in the Netherlands. Clin Nutr 2009;28:26-8.

lonescu D, lancu C, lon D, et al. Implementing fast-track protocol for colorectal
surgery: a prospective randomized clinical trial. World J Surg 2009;33:2433-8.
Bosio RM, Smith BM, Aybar PS, et al. Implementation of laparoscopic colectomy
with fast-track care in an academic medical center: benefits of a fully ascended
learning curve and specialty expertise. Am J Surg 2007;193:413-5 [discussion:
5-6].

Jottard KJ, van Berlo C, Jeuken L, et al. Changes in outcome during implemen-
tation of a fast-track colonic surgery project in a university-affiliated general
teaching hospital: advantages reached with ERAS (Enhanced Recovery After
Surgery project) over a 1-year period. Dig Surg 2008;25:335-8.

Maessen JM, Dejong CH, Kessels AG, et al. Length of stay: an inappropriate
readout of the success of enhanced recovery programs. World J Surg 2008;
32:971-5.

Sailhamer EA, Sokal SM, Chang Y, et al. Environmental impact of accelerated
clinical care in a high-volume center. Surgery 2007;142:343-9.

Polle SW, Wind J, Fuhring JW, et al. Implementation of a fast-track perioperative
care program: what are the difficulties? Dig Surg 2007;24:441-9.

Mohn AC, Bernardshaw SV, Ristesund SM, et al. Enhanced recovery after colo-
rectal surgery. Results from a prospective observational two-centre study.
Scand J Surg 2009;98:155-9.

Scharfenberg M, Raue W, Junghans T, et al. Fast-track rehabilitation after
colonic surgery in elderly patients—is it feasible? Int J Colorectal Dis 2007;22:
1469-74.

Khan S, Wilson T, Ahmed J, et al. Quality of life and patient satisfaction with
enhanced recovery protocols. Colorectal Dis 2009. [Epub ahead of print].
DOI:10.1111/j.1463-1318.2009.01997 .x.

Kehlet H. Multimodal approach to postoperative recovery. Curr Opin Crit Care
2009;15:355-8.

547



	Enhanced Recovery After Surgery: The Future of Improving Surgical Care
	History and philosophy of enhanced recovery after surgery
	Components of enhanced recovery after surgery
	Role of laparoscopy
	Evidence of Enhanced Recovery After Surgery from Randomized Controlled Trials

	Evidence from other specialties
	Costs and savings
	Implementation: difficulties and solutions
	Summary
	References


