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Abstract
Purpose of Review Enhanced recovery pathways are a well-defined perioperative health care program utilizing evidence-based
interventions in a protocol-like manner designed to standardize techniques including drug selection and dosing to improve results
and to reduce overall costs including facilitating earlier discharge from hospitals after surgery.
Recent Findings A PubMed and World Wide Web search was performed with the following key words: enhanced recovery,
surgical enhanced recovery, recovery pathways, and enhanced recovery pathways surgery.
Summary This introduction to enhanced recovery pathways reflects its 20-year history, worldwide appeal, and ever growing
presence in our practices. Many clinical teams have not, as of yet, incorporated enhanced recovery pathway principles to their
practices and therefore, continued evolution should include increasing outreach and formalized guidelines in the future.
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Introduction

Perioperative value-based care necessitates health out-
comes improvement via ensuring patient’s safety, satisfac-
tion, and high-quality healthcare services for less expense
[1]. Enhanced Recovery After Surgery (ERAS)© is a mul-
tidisciplinary perioperative approach that has been devel-
oped and adopted over the last 20 years to afford such
value-based care [2••]. When implemented in various sur-
gical procedures, ERAS practices have shown rapid

recovery, improved postoperative outcomes, and cost re-
duction [3]. However, compliance difficulties have revealed
that great efforts should be employed to attain protocol ad-
herence, which is critical for meaningful clinical short- and
long-term benefits of ERAS initiatives [4]. Being a multi-
disciplinary approach, ERAS implementation requires a co-
ordinator responsible for leading compliance, good commu-
nication, and collaboration between perioperative team
members [5••]. Lack of cooperative teamwork presents a
major barrier to ERAS implementation [6].
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ERAS Principles

Causes of delayed discharge and its downstream effects
prompted creation of the ERAS approach to eliminate these
causes, shorten the length of hospital stay, and savemoney [7].
In other words, ERAS was introduced to optimize periopera-
tive care practices and improve and speed patient recovery [8].
The key principle of ERAS is implementation of the best
available evidence-based perioperative care practices to atten-
uate surgical stress and provide pain and risk-free surgery.
Educating and enrolling patients in decision making, mainte-
nance of appropriate volume status, optimum analgesia, and
rapid return of the body’s baseline functions, are all common
goals that ensure optimum perioperative care and successful
implementation of ERAS [9].

ERAS Elements

While the core ERAS principle shapes the goals of ERAS
protocol, ERAS elements are the perioperative tools to
achieve these goals [9]. ERAS elements have been developed
based on the causes of prolonged hospital stays, and modified
overtime to fit different types of surgeries [8]. Initially ERAS
elements included only a combination of regional analgesia,
early postoperative oral intake, and early mobilization [10].
The advancement of surgical techniques and development of
new surgical skills added an opportunity of incorporating
these new techniques and skills as elements of ERAS. For
instance, use of laparoscopy as a minimally invasive approach
that allows less traumatic incision and early wound healing,
has become a significant element in ERAS protocol [11, 12].

Each ERAS protocol has around 17–23 elements [13••,
14–15]. Some of these elements are common and can be ap-
plied for different types of surgeries, while other elements are
procedure specific and applied only to certain types of surger-
ies [15, 16]. The common elements include, but are not limited
to, preadmission education and information, preadmission op-
timization, premedication, optimum fasting, goal-directed flu-
id therapy, multimodal opioid sparing analgesia, early feeding,
and mobilization. All are recommended by ERAS guidelines
in different surgical specialties. On the other hand, tracheos-
tomy care is a specific element for head and neck surgeries,
weight reduction fits more in bariatric surgeries, and minimal-
ly invasive surgical approach is a cornerstone in abdominal
surgeries [13, 15–17].

Procedure-Specific ERAS

ERAS practices were first applied to colorectal surgeries.
When ERAS showed significant improvements in outcomes
in colorectal surgeries, the practices were accepted, modified,

and applied by other different specialties. Currently, there are
many guidelines for ERAS implementation in different types
of surgeries. These guidelines include, but are not limited to,
ERAS recommendations for colorectal surgeries, breast re-
construction, liver surgery, pancreaticodudenectomy, head
and neck, orthopedics, gynecological, and urological surgery
[13–15, 18–21].

History

Initial Studies

In the early 1990s, there were few preliminary clinical studies
pursuing rapid postoperative recovery [22, 23]. These studies
tried to expedite the perioperative management and enhance
the patient recovery after cardiac surgeries to facilitate their
quick, yet safe discharge [22, 23]. Engelman et al. studied a
small sample of patients undergoing coronary artery bypass
grafts (CABG) surgeries, and revealed a reduced length of
stay in the intensive care unit (ICU) by 20% with improved
postoperative outcomes [22]. The concept at that time was
described as “fast track recovery”. However, later on the term
“enhanced recovery after surgery” was introduced to replace
“fast track recovery,” emphasizing the concept of improving
postoperative outcomes rather than just accelerating the peri-
operative time.

ERAS Concept

Henrik Kehlet, a Danish surgeon, was the first to introduce the
concept of ERAS. He attributed lengthy recovery to the sur-
gical stress response, metabolic, and endocrinal changes
which adversely affect organ function after surgery [8]. Dr.
Kehlet advocated that no single perioperative intervention
can mod i f y t h e s e phy s i o l og i c a l d i s t u r b ance s .
Acknowledging the impact of many processes on patient re-
covery, Kehlet and Mogensen published a study to report the
feasibility and efficacy of a multimodal rehabilitation regimen
in promoting the postoperative recovery of patients undergo-
ing open sigmoidectomy [10]. They used a combination of
regional analgesia, and early postoperative oral intake and
ambulation and demonstrated ability to reduce length of stay
from 10 to 2 days [10]. These striking results attracted the
attention of a group of European surgeons, and encouraged
them to create a specific research group interested in ERAS.

ERAS Research Group

The first official ERAS study group was set up in 2001 by five
different European medical centers from Denmark, Norway,
Netherlands, Sweden, and the UK. The group established a
single common ERAS protocol to be implemented by the
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members in the group. However, adherence of each center to
the protocol was not the same, resulting in different outcomes
[2]. Discrepancy in the outcomes encouraged the group to
create a shared database and record their practices. This data-
base facilitated transparency and evaluation of the current
practices among the incorporated centers, and correction of
any deviation from the established common protocol.

ERAS Society

As the group expanded with clinician researchers joining from
different countries, it was decided to establish an international
ERAS organization to facilitate standardization and regular
evaluation of the perioperative practices among the participat-
ing centers. In 2010, the ERAS Society was set up as a non-
profit international organization in Stockholm, Sweden and
included members of different roles involved in perioperative
care [2]. Two years later, the ERAS Society started their an-
nual International Congress to discuss, evaluate, and widely
spread the current state of ERAS recommendations and to
guide research future directions [6]. Recently in 2016, the
American Society for Enhanced Recovery was created as an
extension to the original ERAS Society, and the first United
States of America ERASAnnual Congress was held in Dallas,
Texas in November 2017.

Future Trends

Future of ERAS Practices

Despite the wide-spread discussion of ERAS concepts in the
literature, and the evidence of its positive results in clinical
trials, there is limited implementation of ERAS elements in
real practice [24]. When ERAS was first described, it was
formed of a few key elements (regional analgesia, early feed-
ing, and ambulation) intended to facilitate consistent compli-
ance [25, 26]. That is why incorporation of less significant
components may make ERAS practices more complex, and
adversely affect the healthcare team compliance and clinical
progress [27, 28]. For example, carbohydrate-loading drinks
have been introduced to provide preoperative nutritional opti-
mization, less thirst, hunger, and anxiety with more patient
comfort [29, 30]. However, no differences in postoperative
outcomes have been shown when carbohydrates loading
group compared with clear water or placebo groups [31].
Similarly, goal-directed fluid therapy (GDFT) has been pre-
ferred in high-risk patients undergoing major surgery with
major fluid shift [32]. However, GDFT effects have been off-
set when compared with more wise fluid therapy in the setting
of ERAS [33, 34]. Additionally, a univariate analysis of ERAS
elements reported by Maessen et al. proposed that more com-
pliance to postoperative rather than preoperative and

perioperative elements has a higher impact on reducing the
length of stay [35]. Hence, directing future research and prac-
tices toward procedure-specific ERAS elements may afford
better compliance and implementation of ERAS [24].
Furthermore, ERAS is a multidisciplinary perioperative ap-
proach, and protocol implementation necessitates collabora-
tive work between healthcare teammembers. Hence, focusing
of multidisciplinary team-building should be prioritized to en-
sure higher compliance and consistent results [24].

ERAS and Technologies

Development of new technologies has shown positive impact
on ERAS practices [12]. The use of esophageal Doppler,
pneumatic leg compressors, and forced air-warming units
are examples of the technologies that have helped clinical
progress and better implementation of ERAS elements
[36–38]. Recently, the advancement of wearable physical ac-
tivity devices has enabled preoperative and postoperative
monitoring and recording of patient activities [39, 40].
Involvement of such devices in ERAS practices will ensure
continuous monitoring and encourage better adherence of the
patient to physical activity which in turn will allow early mo-
bilization and subsequent enhanced recovery [12]. Moreover,
using smartphone new apps as a part of the perioperative care
is emerging in the literature [41, 42]. These interactive apps
have been designed and developed to improve communica-
tion between patients and their healthcare provider by creating
conversations and a timely feedback. It is also meant to en-
courage patient adherence to ERAS protocol by providing a
checklist and reminders throughout the whole perioperative
journey. Published data has revealed that using these apps is
feasible and acceptable [42]. However, further large sample
studies are recommended to validate the current results, and to
investigate and overcome barriers to using this new feature
[41].

Future Research Directions

Future research should focus on studying and evaluating the
sequences of perioperative complications and whether surgi-
cal complications lead to medical ones or vice versa while
implementing ERAS [43]. Assessment of these complications
will help in directing the appropriate management toward the
initial complication and prevent its further progress [44].
Currently, most of the ERAS studies focus on the assessment
of immediate postoperative outcomes, with limited data on
post-discharge consequences. These consequences should be
considered in the future studies to give a bigger and honest
picture of ERAS impact on patients’ recovery [24]. Due to the
mutlimodal nature of ERAS protocol, there is limited data on
determining the impact of each individual component on post-
operative outcomes [45]. Thus, investigating the impact of
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ERAS elements separately should be considered in the future
research to help refining the current practices.

Educational Future

At the Educational level, expanding the concept of ERAS to
the future generations of healthcare providers is a helpful way
of facilitating its future implementation. [46, 47]. Educating
physicians and nurses in-training about ERAS will build a
generation of believers in ERAS with a better background in
its practices [46, 48, 49]. Having an early foundation will
facilitate future replacement of the current traditional practices
with ERAS [48, 50]. In addition, every hospital should estab-
lish a perioperative medicine program with regular learning
rounds and sessions whenever possible, to boost the educa-
tional process and ensure a higher compliance to ERAS prac-
tices [49, 51].

ERAS Society Future

Regarding the future of the ERAS Society, it should work
more on expanding collaborations with other societies [52].
These collaborations will allow greater spread and acceptance
of its objectives. Furthermore, holding international con-
gresses, and national and local symposia will provide good
communication and collaboration between different re-
searchers with better dialog from different insights [52].

Summary

Enhanced recovery pathways reduce overall costs including
facilitating earlier discharge from hospitals after surgery.
Overall, this chapter described ways to enhance surgical re-
covery pathways to continue to grow presence in healthcare
practice. And although many clinical teams have yet to incor-
porate enhanced recovery pathway principles to their prac-
tices, increasing outreach and formalized guidelines in the
future should help to ameliorate this lack of participation.
The more available these guidelines are the more cooperation
healthcare as a whole will have with compliance toward
ERAS and surgical recovery.
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