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Abstract
Enhanced Recovery After Surgery (ERAS) protocols have significantly transformed the management of
patients undergoing colorectal surgery. This comprehensive review explores the key components and
benefits of ERAS in colorectal procedures, focusing on preoperative, perioperative, and postoperative
strategies aimed at improving patient outcomes. These strategies include preoperative patient education,
multimodal analgesia, minimally invasive surgical techniques, and early mobilization. ERAS protocols
reduce postoperative complications, shorten hospital stays, and enhance overall recovery, leading to better
patient satisfaction and decreased healthcare costs. However, challenges such as patient adherence and
managing high-risk patients remain critical areas for further research. Additionally, future research should
focus on refining ERAS protocols, integrating novel technologies such as minimally invasive techniques, and
evaluating long-term outcomes to further enhance the recovery process.
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Introduction And Background
Colorectal cancer (CRC) is a type of cancer that affects the colon (large intestine) or rectum. It is one of the
most common types of cancer worldwide. The risk of CRC increases with age. Most cases affect people over
50 years old [1]. We perform colorectal surgeries to repair a damaged or diseased section of the large
intestinal tract. This may be a result of cancer, a malformation, another disease process, or some sort of
injury or infection. Planning colon resection needs to take into account the nature of the lesion and its
location within the colon [2]. Colorectal surgery has been linked to an increase in hospital length of stay
(LOS) and a high incidence of surgical site infections (SSIs) [3,4]. In addition, the incidence of perioperative
nausea and vomiting (PONV) within hospitals may approach 80%, and readmission rates may approach 35%
[5].

Enhanced recovery protocols (ERPs) are a collection of standardized perioperative procedures that are
administered to patients undergoing elective surgery. They may change greatly depending on the condition
of the cases. These programs integrate patient education, perioperative management protocolization, and
the employment of a multidisciplinary team [6]. Although these protocols are generally not meant for non-
elective cases, urgent and emergent patients could benefit from some of the ERPs' components [6,7]. ERPs,
sometimes called fast-track procedures or Enhanced Recovery After Surgery (ERAS), are intended to enhance
patient outcomes. Early bowel function recovery, reduced wound infection rates, and a shorter LOS are
among the intended outcomes [8].

The ERAS protocols are used to overcome the limitations of the traditional recovery methods. These
traditional methods include routine fasting until bowel function returns, limited ambulation during the early
postoperative period, and the use of nasogastric tubes and drains. Patients were traditionally kept nil per os
(NPO) until bowel sounds returned, delaying oral intake. This practice has been shown to prolong recovery
and delay nutritional rehabilitation [9,10]. Early ambulation was not routinely emphasized, leading to
prolonged immobility, which increased the risk of venous thromboembolism (VTE), deconditioning, and
slower recovery of normal gastrointestinal (GI) function [9]. Routine placement of nasogastric tubes and
surgical drains aimed to reduce complications like anastomotic leaks and bowel obstruction. However,
studies have demonstrated that these interventions may not improve outcomes and can lead to patient
discomfort and increase LOS [11]. Opioids were the cornerstone of pain management but contributed to
delayed bowel function, respiratory complications, and opioid-related side effects, including dependence [9].
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Traditional methods lacked a structured, multidisciplinary approach to perioperative care, often resulting in
fragmented care and inconsistent application of best practices [11]. 

These limitations have driven the development of ERAS protocols, which emphasize early feeding,
multimodal analgesia, and early ambulation, significantly improving postoperative outcomes. Studies have
shown that ERAS protocols reduce LOS in comparison to traditional recovery methods, decrease
postoperative complications, and improve overall recovery without compromising safety [11,12].
Additionally, ERAS protocols enhance patient satisfaction by fostering a faster return to normal activities
and minimizing discomfort. Although many of the ERPs' components might be regarded as standard care
[13], there are still obstacles standing in the way of the program's complete implementation [14], despite
recommendations from health systems [15]. In addition, the best ways to speed up recovery and improve
patient outcomes are still unclear. Furthermore, less is known about the contribution of more recent
modalities to the optimization of recovery, such as prehabilitation, multimodal analgesia, and minimally
invasive surgical (MIS) methods. This gap includes the requirement for more comprehensive data on how
these treatments affect patient-centered outcomes like long-term complication rates, functional
rehabilitation, and quality of life (QoL).

Therefore, we perform this review to discuss the current evidence and best practices related to optimizing
recovery following colorectal surgery outcomes to provide a comprehensive understanding of current
preoperative, perioperative, and postoperative strategies and outcomes related to colorectal surgery. 

Review
Methods 
Between 2014 and 2024, searches were conducted using the following terms in the National Institute of
Health's PubMed/MEDLINE, Scopus, and Web of Science databases: "Colon and Rectal Surgery" OR "Colon
Surgery" OR "Rectal Surgery" OR "Colorectal Surgery") AND ("enhanced recovery" OR "postoperative care"
OR "recovery optimization" OR "accelerated recovery") AND ("length of stay" OR "postoperative
complications" OR "pain management" OR "postoperative ileus" OR "patient satisfaction"). We focused on
studies discussing the current evidence and best practices related to optimizing recovery following
colorectal surgery outcomes to provide a comprehensive understanding of current practices and outcomes
related to colorectal surgery. This could involve evaluating the effectiveness of ERAS protocols, the role of
preoperative interventions such as prehabilitation and MIS, and approaches to pain management and
nutrition.

ERAS protocols
This clinical practice guideline was produced in collaboration between the Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES) and the American Society of Colon and Rectal Surgeons
(ASCRS). The goal of the combined ASCRS/SAGES committee is to provide the highest standard of care
available today for improved recovery following colon and rectal surgery. This guideline is not restrictive;
rather, they are all-inclusive [16]. The purpose of these guidelines is to provide the best available options
regarding the management of cases undergoing colorectal surgery. It provides this information to patients,
healthcare professionals, and practitioners. The outcomes of interest are improved wound healing, early
hospital discharge, early restoration of bowel function, and freedom from nausea and pain during rest [17]. 

A typical ERP consists of numerous preoperative, perioperative, and postoperative components. Because
these components are typically applied simultaneously, it can be challenging to determine which of the
bundles of measurements is most useful. The greatest indicators of a shorter LOS, based on a retrospective
analysis of eight years of ERP compliance, were early mobilization, non-opioid analgesia, early oral
nutrition (early stopping intravenous fluids), the removal of a nasogastric tube, and early epidural and urine
catheter removal [18].

Preoperative Interventions 

A patient's suitability for surgery, the type of treatment to be administered, the anticipated postoperative
site, and the type of anesthesia to be used can all be assessed by medical professionals during the
preoperative phase [19]. Among the interventions that occur during this period are preoperative education,
adherence to preoperative fasting recommendations, bowel preparation, and routine VTE, antiemetic, and
antimicrobial prophylaxis.

Preadmission counseling: Preoperative education is necessary to assist patients and their families in setting
reasonable expectations for their experiences with surgery, anesthesia, and postoperative pain management
[20]. Patient education should also include how to deal with stoma, which is known as an important cause of
prolonged LOS. A single-center prospective study was conducted to ascertain whether an ERAS program
incorporating counselling and stoma education can decrease hospital stays, decrease readmissions, and
enhance quality of life. In comparison to the standard treatment group, the ERAS group with education had
a significantly shorter total hospital stay (p<0.001). The two therapy groups showed comparable results in
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terms of overall major and minor morbidity, QoL, readmission rate, problems linked to the stoma, and 30-
day mortality [21]. 

In order to prevent pneumonia and promote early oral intake, the preoperative procedure uses incentive
spirometry to improve postoperative atelectasis. It also includes counseling about early mobilizing to
accelerate their postoperative progress and prevent deep venous thrombosis [22]. Long-term immobility can
cause several problems, including insulin resistance, thromboembolic disease, skeletal muscle loss and
weakness, and reduced ability to exercise. For each day of bed rest, muscle mass is thought to decline by 1.5-
2% [23].

Optimizing the patient before surgery, including the management of comorbid conditions such as
hypertension, diabetes mellitus, coronary heart disease, anemia, and chronic obstructive pulmonary disease
(COPD), is a significant component of preoperative management. Additionally, patients receive education
on how much alcohol and smoke they consume. ERAS procedures also emphasize several patient-
optimization techniques, such as educating patients about proper sleep hygiene, relaxing techniques to
lessen anxiety, and making nutritional adjustments [24]. 

Preadmission nutrition: Although patients must fast for eight hours before surgery, it has been
recommended that they maintain hydration and shorten the fasting duration by consuming clear fluids up to
two hours before the surgery. Two hours before surgery, allowing patients to consume a clear carbohydrate
drink helps to keep their physiological state as close to normal as possible. It has been demonstrated that
consuming a high-carb diet helps lower insulin resistance, maintain muscle mass and lean body mass, speed
up the restoration of intestinal function, and lessen discomfort and anxiety in patients [25]. 

Around 1.2-1.5 g/kg/d of protein with oral dietary supplementation throughout one to two weeks is
supported by numerous national and international standards. Malnourished individuals undergoing elective
GI surgery have been associated with reduced complications that may happen after surgery when using this
technique [26,27]. Supplements that contain immune-modulating nutrients such as nucleotides, glutamine,
arginine, and fish oil (ω-3 fatty acids) are known as immunonutrition supplements. The superiority of
immunonutrition over traditional high-protein oral dietary supplements is still up in controversy.
Preoperative immunonutrition, on the other hand, has been associated with a shorter LOS and fewer
complications, including infectious issues [28,29].

Mechanical preparation and preoperative oral antibiotics: Another approach to preoperative protocols is
mechanical bowel preparation (MBP). In 2011, a Cochrane review of randomized controlled trials (RCTs)
reported that anastomotic leaks or problems following colorectal surgery were not mitigated by MBP alone
[30]. Based on a meta-analysis of seven RCTs with 1769 patients that compared MBP+oral antibiotics with
MBP alone, there was a decrease in overall SSIs (p<0.001) and incisional site infections (p<0.001), but the
rate of organ/space infection following elective colorectal surgery did not differ significantly [31].
Additionally, MBP combined with oral antibiotic preparation after left colon resection was linked to lower
rates of superficial SSIs, intra-abdominal infections, overall morbidity, and anastomotic leaks, according to
a retrospective analysis of a national database from the United States [32]. Preoperative Clostridium difficile
colitis and SSIs were less common in patients who received MBP and oral bowel preparation than in those
who did not get bowel preparation, according to data from the Michigan Surgical Quality Collaborative
database [33]. Therefore, for elective colorectal surgery, the ASCRS 2019 Clinical Practice Guideline on
Bowel Preparation recommends utilizing an MBP in addition to oral antibiotics before surgery [34].

Preadmission rehabilitation: Improving the patient's condition before surgery, also known as
prehabilitation, has been proposed as a possible strategy to enhance outcomes following surgery [35,36].
Prehabilitation enhances physical function before major abdominal or colorectal surgery, according to the
most recent clinical studies [37-42]. The outcomes of the most recent systematic reviews are in line with
these findings [43-46]. Following major abdominal surgery, patients who had prehabilitation had
considerably decreased rates of pulmonary, cardiac, and overall problems, according to a meta-analysis of
35 trials [47]. Eight trials with 442 patients undergoing significant liver, GI, colorectal, and abdominal
procedures were included in the meta-analysis. Comparing the prehabilitation group to the control group, it
was found that there was no significant difference in LOS and a substantial decrease in postoperative
pulmonary complications (PPCs) and total postoperative morbidity [48]. Prehabilitation may be especially
beneficial for patients undergoing open surgery who have lower baseline functional ability, even though the
current data are still restricted due to numerous underpowered trials [38-41].

Perioperative Interventions 

SSI control: The perioperative protocols for colorectal surgery involve the administration of multimodal
non-opioid analgesics and antiemetics, along with a combination of lung-protective mechanical ventilation,
euvolemia, regional anesthetics, antibacterial prophylaxis, and normothermia. It also entails reducing the
use of tubes and drains, such as Foley catheters, nasogastric tubes, and surgical drains that are removed
early. Numerous hospitals nationwide have already implemented thromboembolic prophylaxis and SSI
prevention strategies, which are now part of ERAS procedures [49]. Using chlorhexidine alcohol skin wipes,
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changing gloves and instruments, irrigating them with antibiotics before closure, administering intravenous
antibiotics before surgery, and taking antibiotics along with bowel preparation are some of the preventive
measures for SSIs [50-54]. A meta-analysis included 17,557 patients to detect the SSI preventive packages.
Risk reductions of 40% were noted in the incidence of SSIs overall, 44% in the rate of superficial infections,
and 34% in the rate of deep and organ space infections. Additionally, it stated that the most important
procedures to follow to lower the incidence of SSIs were the use of sterile wound closure trays, MBP with
oral antibiotics, and glove changes before fascial closure [55]. Another meta-analysis involving 20,701
patients found that while compliance rates and component aspects of the SSI reduction bundle varied
significantly (from 19% to 90% in the included studies), the odds ratio of SSIs was 0.56 when a bundle was
used in comparison to the control group [56]. There is consistent evidence linking SSI preventive bundles
with higher rates of compliance with particular bundles to significantly lower the incidence of SSI.

Pain management: Other strategies include providing appropriate pain management [49]. It is also
recommended to minimize the use and the dose of opioids to avoid ileus after surgery. Reduced opioid use
following colorectal surgery has been linked to a quicker recovery of bowel function and a shorter LOS [4,57].
To reduce the use of opioids and provide appropriate pain management, the ERAS protocols recommend the
use of multimodal analgesia such as nonsteroidal anti-inflammatory drugs (NSAIDs), acetaminophen,
gabapentinoids, α2-agonists, magnesium, lidocaine, and ketamine when necessary. Recent clinical studies
and meta-analyses have demonstrated that NSAIDs may increase the risk of anastomotic leak [58-60]. This
possible impact on anastomotic leak appears to be molecule- and class-specific, as further studies have
shown [61]. In a retrospective cohort performed on patients undergoing elective colorectal surgery, the risk
of anastomotic leak rate was 11.8% versus 6% (p=0.01) in patients using diclofenac; leak rate differences
with other NSAIDs were not seen [62]. Moreover, two meta-analyses have demonstrated that while taking
some NSAIDs (such as cyclooxygenase 2 inhibitors) does not increase the risk of anastomotic leak,
consuming NSAIDs in general does. Anastomotic leak was not linked to the use of ketorolac or selective
NSAIDs in these trials, while nonselective NSAID diclofenac use was linked to a higher leak risk (p<0.001)
[58,59]. 

The use of gabapentinoids is controversial because two large database studies found no decrease in
postoperative opioid intake and a rise in pulmonary problems following colorectal or orthopedic surgery
[63,64]. In addition, a meta-analysis assessing the perioperative use of gabapentinoids found little evidence
of a clinically meaningful analgesic effect and concluded that routine use of these drugs was not advised
[65]. For individuals who have chronic pain, a low-dose ketamine infusion administered after surgery can be
particularly helpful [66,67]. Nevertheless, its associated sedation, vertigo, and psychotropic side effects
could hinder a quick recovery, especially in older individuals [67]. In addition, magnesium can be a helpful
adjuvant and is also linked to a reduction in postoperative opioid intake when given as a bolus or infusion
[68].

Furthermore, regional anesthetics and surgical field blocks are adjuncts that can be utilized to relieve pain
during and after surgery. Regional anesthesia, such as continuous or single-shot peripheral nerve blocks,
and neuraxial anesthetic techniques can reduce opioid use during open and laparoscopic colorectal surgery
[68,69]. A growing number of block options are available, including rectus sheath, erector spinae, quadratus
lumborum, and transversus abdominis plane (TAP) blocks. Two meta-analyses using TAP blocks
demonstrated decreased LOS following laparoscopic colorectal surgery as compared to systemic opioid
administration [69,70]. To manage pain during MIS, laparoscopic-guided TAP block is both safe and effective,
according to a recent systematic review and meta-analysis. It seems to be equally effective as ultrasound-
guided TAP blocks in reducing postoperative opioid use and controlling pain at the outset of recovery [71]. In
the perioperative context, intrathecal morphine injection combined with spinal analgesia is an additional
option. According to recent trials and meta-analyses, intravenous opioids are less effective than intrathecal
morphine during laparoscopic surgery, and intrathecal morphine is related to lower pain levels [4,72,73]. 

A multimodal pain management approach considers the patient's medical history and coexisting conditions,
the type of surgery and anticipated pain following it, the emotional and psychological status of the patient,
their baseline pain threshold, and the advantages and disadvantages of the various medications [74,75].

Table 1 summarizes the efficacy and safety of the most important analgesic drugs.

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 4 of 15

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Analgesic drug Efficacy Adverse effects References 

NSAIDs
(ketorolac/diclofenac)

Effective in reducing
postoperative pain and
opioid consumption.

Risk of GI bleeding, renal impairment, and potential for
anastomotic leak in bowel surgery. Risk of GI bleeding, renal
dysfunction, and delayed wound healing. Risk of cardiovascular
events, GI bleeding, and renal impairment.

[58-60]

Opioids

Effective for moderate to
severe pain control;
cornerstone in perioperative
analgesia.

Risk of respiratory depression, constipation, ileus, and increased
hospital LOS.

[4,57]

Gabapentinoids
(gabapentin/pregabalin)

Effective for neuropathic
pain and can reduce opioid
consumption when used
preoperatively.

Drowsiness, dizziness, risk of sedation, and potential respiratory
depression when combined with opioids.

[63-65]

Magnesium

Enhances opioid analgesia
and may reduce
postoperative pain and
muscle spasms.

Risk of hypotension, bradycardia, and hypermagnesemia with high
doses.

[68]

Ketamine

Effective for reducing
postoperative pain, opioid-
sparing effects, and chronic
pain development.

Risk of hallucinations, delirium, and potential for increased heart
rate and blood pressure.

[66,67,76]

TABLE 1: Summary of the most important analgesic drugs' efficacy and safety.
GI: gastrointestinal; LOS: length of stay; NSAIDs: non-steroidal anti-inflammatory drugs

PONV control: PONV frequently results in both a prolonged hospital stay and decreased patient satisfaction.
Female, younger age, non-smoking status, history of motion sickness, history of PONV, laparoscopic
surgery, an extended duration of surgery, volatile anesthetic, and opioid analgesia are considered risk
factors [77]. There are multiple perioperative protocols to prevent PONV. Preoperative and intraoperative
prophylactic antibiotic therapy has been proven to be highly effective in controlling PONV. The anesthesia
team can determine what causes nausea and vomiting and take appropriate action. Using regional
anesthesia or propofol-based complete intravenous anesthesia, avoiding volatile anesthetics, and utilizing
multimodal analgesia to minimize perioperative opioids are some strategies to lower the incidence of PONV.
Additionally, using combination antiemetic medication as a preventative measure, such as dimenhydrinate
before surgery, dexamethasone, and ondansetron during it, can be highly successful in controlling PONV
[78-80]. For individuals who are at high risk of PONV, a transdermal scopolamine patch is advised [49].

Multimodal PONV prevention is linked to lower risks of PONV and readmission following colorectal surgery
[81-83]. Combination treatment of two or more antiemetics is superior to taking a single medication in
preventing PONV [84-88]. When used in conjunction with other antiemetics, dexamethasone significantly
improved PONV prophylaxis compared to antiemetics alone and decreased the requirement for rescue
medication [89]. Furthermore, some meta-analyses revealed that dexamethasone had no appreciable effect
on glycemic control or a rise in postoperative infections [89,90].

Postoperative Interventions 

Early mobilization: As we mentioned before, patients in the preoperative stage are counseled about the
importance of early mobilization to prevent postoperative atelectasis. Physical activity can mitigate or
prevent the deconditioning associated with bed rest [18,91]. Following colorectal surgery, early ambulation
has resulted in quicker recovery and fewer problems [92-94]. A shorter LOS was associated with a higher step
count on the first postoperative day (POD) after thoracic or major abdominal surgery in a prospective cohort
study involving 100 participants [95].

A recent systematic analysis found that there aren't enough RCTs to support this suggestion [96]. A recent
RCT reported that early mobilization didn't influence many outcome indicators, like the return of functional
walking ability after four weeks, GI function recovery, duration needed to meet 30-day total complications,
and discharge requirements, as well as the patient-reported outcome metrics. The only side effect linked to
early mobilization is intolerance to orthostatic hypotension [97]. Another RCT of a priori secondary
outcomes was done on patients undergoing colorectal surgery to calculate the degree to which staff-directed

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 5 of 15

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


early mobilization facilitation affects 30-day PPCs and the recovery of pulmonary function after colorectal
surgery. Staff-directed early mobilization facilitation did not reduce PPCs or improve postoperative
pulmonary function in an optimal recovery pathway after colorectal surgery. Thus, to improve pulmonary
outcomes, there is no need to devote more resources (staff time) to promoting early mobilization [98].

Ileus prevention: In a Cochrane systematic review of 17 RCTs comparing "late initiation" following lower GI
surgery and early initiation of feeding (i.e., within 24 hours of surgery), it was reported that early feeding
was linked to a two-day reduction in hospital stay duration [99]. Nonetheless, the care approaches of the
perioperative clinical trials differed greatly. The reported mean LOS in the control group varied from six to
24 days. Moreover, early feeding did not affect the likelihood of complications, including anastomotic leak,
wound infection, pneumonia, or mortality. In this review, there was no statistically significant increase in
symptoms of nausea and vomiting among the early feeding group. Early enteral feeding is linked to the early
recovery of GI function as well as a shorter time to flatulence and the first bowel movement [100]. The
majority of the evidence points to the advantages of early feeding, despite trial heterogeneity.

It has been proposed that sham feeding, such as chewing gum, speeds up the recovery of GI function by
stimulating the vagal cholinergic system, which in turn speeds up bowel movements [101]. Chewing gum
following colorectal surgery has been examined in a meta-analysis of 18 RCTs [102]. In most of these trials,
participants chewed sugar-free gum for three minutes, three times a day. Nonetheless, the vast majority of
these RCTs were low-quality and highly susceptible to bias. Chewing gum was linked to a shorter time to
first flatus, a shorter time to first bowel movement, and a decrease in LOS [102]. Additionally, the chewing
gum arm had a decreased pooled result of postoperative ileus. There was no significant difference in other
outcomes, such as complications, readmission, or reoperations, between the two groups. A subgroup study
of open and laparoscopic procedures upheld these noteworthy correlations. Chewing gum was no longer
linked to significantly shorter times to flatus and LOS, according to a subgroup analysis of trials conducted
in the framework of an ERP [103].

An early first flatus and bowel movement, as well as a lower incidence rate of postoperative ileus, were
associated with chewing gum without influencing LOS in another systematic review and meta-analysis that
included just 10 high-quality RCTs [104]. The majority of research indicates that chewing gum is safe and
inexpensive and it may only have a minor impact on GI recovery without a significant impact on LOS.

Coffee may even help the GI tract heal more quickly following colorectal surgery, according to certain
evidence [105,106]. According to a meta-analysis of seven RCTs involving 606 patients, coffee and caffeine
can stimulate the lower GI system and maybe lessen postoperative ileus. Coffee consumption shortens the
time to first bowel movement and oral intake tolerance, but it does not affect the time to flatus, overall
problems, or LOS [107].

Postoperative follow-up: ERP typically results in a shorter hospital stay and, within the context of post-
surgical risk management, raises the issue of postoperative surveillance at home. Establishing a
postoperative surveillance system is crucial when patients are contacted by a nurse the day following
surgery, similar to an ambulatory surgery [103].

Texting is an effortless and quick way to stay in touch with someone after surgery. According to the French
Regulatory Authority of Electronic and Postal Communications (ARCEP), 79.9 million subscriber identity
module (SIM) cards were in use in France in late 2014 [108]. The usefulness of text messages (TM) has been
demonstrated in several medical contexts. TM is used to effectively remind patients of upcoming
appointments for medical care [109] and so promote adherence to the therapy [110]. In a prospective
multicenter trial to assess, within an ERP, the viability of TM in conducting home surveillance following
colorectal surgery, patients were asked, on the first, third, and fifth days following discharge, four brief
questions about pain, bowel movements, fever, and phlebitis. An automated alarm was transmitted over the
Internet to the attending physician in the event of an irregular or non-responsive response, and the patient
was notified right away. This trial reported that 90% of patients replied to every TM. There were 48 alarms,
with 56% being from discomfort and 40% from the TM not being responded to. Four percent of patients
received in-hospital care as a result of alerts, including two unscheduled reoperations and three
rehospitalizations. On a scale of 1-5, the median satisfaction score was 5, with 85% of patients responding.
These results raise the idea of using text messaging for post-discharge home surveillance for patients
receiving colorectal surgery inside an ERP, similar to ambulatory surgery [111]. All steps of ERAS are
summarized in Figure 1.
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FIGURE 1: Summary of the steps of ERAS.
Image Credit: Authors

ERAS: Enhanced Recovery After Surgery

New surgical techniques 
Laparoscopy used in colorectal surgery is supported by strong evidence. For the results of short-term results
such as LOS, blood loss, and postoperative pain, the use of laparoscopy is better than open resection in two
distinct multicenter RCTs involving patients with colon cancer. The COlorectal Cancer Laparoscopic or Open
Resection (COLOR) study was conducted in the Netherlands, and A Randomized Controlled Trial Comparing
Quality of Life Following Laparoscopic Versus Open Colectomy for Colon Cancer (ALCCaS) trial was
conducted in Australia [112,113]. Comparing laparoscopic colonic resection to open resection, other RCTs
have reported a decrease in perioperative morbidity, including nonsurgical, wound, and overall morbidity
[114,115]. These outcomes are in line with extensive database studies that supported the use of laparoscopy
and used information [116,117].

Over the past 10 years, robotics' use in colorectal surgery has grown dramatically [118], and numerous trials
have shown that robotics for colorectal surgery is both feasible and safe [118-122]. However, the advantages
of the robotic technique over traditional laparoscopy in terms of immediate- and long-term surgical results
are still unclear. RCTs and meta-analyses indicate reduced conversion rates when using a robotic approach
[118,120-122]. Until now, operative durations and expenses are typically greater when using robotic surgery,
and the rates of complications are comparable with the results of laparoscopy [119,121]. 

The combination of MIS and an ERP yields the best results; this was shown in the four-arm perioperative
strategy in colonic surgery: LAparoscopy and/or FAst track multimodal management versus standard care
(LAFA) trial. In this experiment, the patients with the lowest LOS and morbidity were those who underwent
laparoscopic surgery inside an ERP [123]. Therefore, an MIS is advised to maximize postoperative healing
inside an ERP.

Discharge criteria 
After colon surgery, standard discharge criteria include bowel function returning, oral intake tolerance,
appropriate pain management with oral analgesics, and the ability to move around without any difficulties
[124]. By POD 1 or POD 2, many patients fulfill these requirements [125]. Nonetheless, there are more reports
of same-day discharge; that depends on whether it is possible to release patients before their bowel function
returns. 

More than 10 years ago, small case series were the first to report on the idea of the "ambulatory" or
"outpatient" colectomy [126]. This early study describes the effective discharge of low-risk patients following
colorectal resection at home following a 24-hour surveillance period without unwarranted problems [126].
In an RCT of patients receiving MIS of colon resection for cancer, 30 patients were randomly assigned to
receive conventional postoperative treatment with discharge following the restoration of bowel function or
to be discharged on POD 1, regardless of intestinal function, with telemedicine follow-up on POD 2 [127].
Adverse events and QoL did not differ between the two groups in this trial (p=0.041).

Some clinical studies reported lower readmission rates associated with same-day release following
colorectal surgery [31,128,129]. One of these studies, which is a retrospective study, reported that 93% of
patients may be discharged the same day, with a 6% readmission rate [129]. This experiment discovered that
for some patients with acceptable complication rates, same-day discharge within an ERP is possible [129].
There is little, but growing, evidence in this field. Suggestions may vary when new data becomes available.

Barriers to optimizing recovery
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Oral consumption before surgery results in canceling cases in some conditions. Some procedures may need
to be canceled because some patients may not have completed the two hours of liquid fasting and the six
hours of solid meal fasting that are required by recommendations for their surgery to proceed. As a result,
several facilities have decided to increase the recommended solid fasting period to eight hours and advise
patients to refrain from drinking anything three to four hours before the planned procedure. Nevertheless, if
you keep fasting after this point, you increase the danger of developing hypoglycemia and elevated insulin
levels [130]. 

The surgical team may encounter difficulties due to the scheduling of drugs. According to a trial on the
prophylaxis of VTE in gynecologic oncology, starting heparin doses before surgery reduced the incidence of
deep vein thrombosis following surgery as well as the number of deaths associated with the condition [131].
Nevertheless, American and European anesthesia guidelines recommend starting preventive subcutaneous
heparin intraoperatively one to two hours after the epidural is placed. Less than 10 documented cases of
bleeding for prophylactic dosages served as the basis for this suggestion. Additionally, it is recommended
that epidural catheters be placed or taken out no earlier than 12 hours following the previous low-
molecular-weight heparin dose or two hours following the last unfractionated heparin dose [132,133]. So
each surgical case should be carefully evaluated to determine whether a spinal anesthetic or epidural is
necessary.

Many ERAS guidelines recommend starting a regular diet as early as the evening after surgery. On the other
hand, forcing people to eat will not help them to recover early [134]. Patients must understand that they can
eat as long as the food is sufficiently tolerated. Patients who are ordered to exercise as tolerated are unlikely
to result in an acceptable early mobilization unless there is a committed team to monitor and support the
exercise and enough staffing to ensure that pain, nausea, and vomiting are under control. As many surgical
units have found, increasing the number of assistants and nurses on staff is required to ensure early
mobilization [96,97]. 

Cost-effectiveness of the implementation of ERAS
Reducing hospital stays, encouraging patients to regain mobility and function, and lowering the incidence of
problems following surgery are all goals of better recovery, which may also result in lower medical expenses.
An ERAS strategy may save US$2200-2500 for each patient treated, according to cost data gathered from
trials performed on patients who had gynecological and colorectal surgeries to examine the enhanced
recovery techniques [135,136]. According to the results of their economic analysis, the ERAS multi-site
colorectal surgical program in Alberta saved $3.8 (a range of $2.4-5.1) for every $1 invested in the procedure
[137]. To continue evaluating the true impact of cost and duration of stay, more ERAS protocol review and
implementation are required [138].

Future directions and innovations
A multicenter prospective cohort study called the POWER study involved 2,084 patients who were scheduled
for elective colorectal surgery. According to the findings, patients with higher adherence rates had lower
rates of mortality, overall complications, and moderate-to-severe consequences than patients with lower
adherence rates [138]. Thus, the question is how to create and manage an ERAS program that is broadly
acceptable in clinical practice with just modest restrictions. Certain ERAS interventions have less than 50%
compliance, as demonstrated by Toh et al. [139]. So, we must assess evidence of compliance for low-
compliance elements, including diet progress and pain management, to create an ERAS program that is
more useful for actual clinical practice. Furthermore, achieving the main goal of the ERAS program for
colorectal surgery required an indicator of program application.

Koh et al.'s study examined the ERAS program's indications and assessed the viability and safety of using the
ERAS protocol on elderly patients with CRC [139]. There are now more older people with CRC due to an
aging population. Older patients require additional care and a multimodal strategy to decrease postoperative
morbidity and enhance recovery since they are physiologically more fragile, have poorer performance status,
and have more comorbidities. As a result, it is imperative to assess the ERAS program's effectiveness and
safety for use with the elderly. The authors compared the perioperative outcome and LOS between the old
group, which consisted of patients over 70, and the young group. Between the elderly and younger groups,
there were comparable LOS and postoperative problems. There was no correlation between advanced age
(>70 years) and a significant rate of surgical complications. Consequently, the authors came to the safe and
workable conclusion that patients older than 70 years old can safely follow the ERAS regimen. The authors
assessed that the ERAS technique may be used even for individuals with certain problems, such as the
elderly. To enhance surgical results and compliance, the ERAS protocol should be developed taking cohort
factors like age, comorbidity, or preoperative performance status into account [140].

A common application in colorectal surgery is the MIS. Because MIS and ERAS shared the benefit of reduced
postoperative pain and recovery, the MIS would help the ERAS program be adopted in clinical practice.
Given how widely MIS is used in colorectal surgery, the ERAS would spread quickly. Thus, this is the right
moment to suggest the ERAS program's future course in colorectal surgery [141]. 
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Limitations 
One of the most important limitations of our study is that it discusses the most recent published trials
narratively and did not follow the strict protocols of systematic reviews, which can introduce selection bias.
The choice of included studies and sources may not comprehensively represent all available evidence. In
addition, the qualitative nature that was used to analyze the available data can lead to subjective
interpretation and synthesis of the literature, potentially overlooking conflicting evidence. Insufficient
published quantitative data limits statistical analysis, restricting the capacity to derive high-certainty-level
findings regarding effect sizes or comparative efficacy. Moreover, without a structured approach to study
selection and critical appraisal, the findings might not be as broadly generalizable compared to systematic
reviews.

A narrative review was chosen to allow for a broader exploration and contextual discussion of enhanced
recovery strategies, which may span diverse topics beyond those easily categorized or quantified. This
approach provides flexibility to address emerging themes, expert opinions, and practical applications that
might not fit within the constraints of a systematic review.

Conclusions
The integration of multimodal analgesia and MIS techniques is particularly effective in improving pain
control and functional recovery, reducing reliance on opioids, and enhancing patient
satisfaction. Implementing evidence-based interventions has demonstrated clear benefits in reducing
morbidity, accelerating recovery, and minimizing costs. While the positive impact of ERAS is well
documented, there are ongoing challenges to optimizing the recovery. Future research should focus on
refining ERAS protocols, integrating novel technologies such as minimally invasive techniques, and
evaluating long-term outcomes to further enhance recovery. 

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Hamed Ibrahim Hamed Albalawi, Rawshan Khalid A. Alyoubi, Nawaf Mohsen
Mubarak Alsuhaymi, Farha Abdullah K. Aldossary, Alkathiry Abdulrahman Mohammed G, Fayez Mubarak
Albishi, Jumana Aljeddawi, Fedaa Ahmed Omar Najm, Mohamed Mirza Ali Almarhoon

Acquisition, analysis, or interpretation of data:  Hamed Ibrahim Hamed Albalawi, Rawshan Khalid A.
Alyoubi, Nawaf Mohsen Mubarak Alsuhaymi, Farha Abdullah K. Aldossary, Alkathiry Abdulrahman
Mohammed G, Fayez Mubarak Albishi, Jumana Aljeddawi, Fedaa Ahmed Omar Najm, Neda Ahmed Najem

Drafting of the manuscript:  Hamed Ibrahim Hamed Albalawi, Rawshan Khalid A. Alyoubi, Nawaf Mohsen
Mubarak Alsuhaymi, Farha Abdullah K. Aldossary, Alkathiry Abdulrahman Mohammed G, Fedaa Ahmed
Omar Najm

Critical review of the manuscript for important intellectual content:  Hamed Ibrahim Hamed Albalawi,
Rawshan Khalid A. Alyoubi, Nawaf Mohsen Mubarak Alsuhaymi, Fayez Mubarak Albishi, Jumana Aljeddawi,
Neda Ahmed Najem, Mohamed Mirza Ali Almarhoon

Supervision:  Hamed Ibrahim Hamed Albalawi, Rawshan Khalid A. Alyoubi

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A: Global cancer statistics 2018: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018,
68:394-424. 10.3322/caac.21492

2. Hajimaghsoudi L, Hashemi A, Ahmadi K, Foroughian M, Ebrahimi M: Adenomyoma of the small intestine in
a child, a case report. Biotech Res Asia. 2016, 13:1601-5. 10.13005/bbra/2305

3. Miller KD, Nogueira L, Mariotto AB, et al.: Cancer treatment and survivorship statistics, 2019 . CA Cancer J
Clin. 2019, 69:363-85. 10.3322/caac.21565

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 9 of 15

https://dx.doi.org/10.3322/caac.21492
https://dx.doi.org/10.3322/caac.21492
https://dx.doi.org/10.13005/bbra/2305
https://dx.doi.org/10.13005/bbra/2305
https://dx.doi.org/10.3322/caac.21565
https://dx.doi.org/10.3322/caac.21565


4. Thiele RH, Rea KM, Turrentine FE, et al.: Standardization of care: impact of an enhanced recovery protocol
on length of stay, complications, and direct costs after colorectal surgery. J Am Coll Surg. 2015, 220:430-43.
10.1016/j.jamcollsurg.2014.12.042

5. Nagle D, Pare T, Keenan E, Marcet K, Tizio S, Poylin V: Ileostomy pathway virtually eliminates readmissions
for dehydration in new ostomates. Dis Colon Rectum. 2012, 55:1266-72. 10.1097/DCR.0b013e31827080c1

6. Verkuijl SJ, Jonker JE, Trzpis M, Burgerhof JG, Broens PM, Furnée EJ: Functional outcomes of surgery for
colon cancer: a systematic review and meta-analysis. Eur J Surg Oncol. 2021, 47:960-9.
10.1016/j.ejso.2020.11.136

7. Al Rashid F, Liberman AS, Charlebois P, Stein B, Feldman LS, Fiore JF Jr, Lee L: The impact of bowel
dysfunction on health-related quality of life after rectal cancer surgery: a systematic review. Tech
Coloproctol. 2022, 26:515-27. 10.1007/s10151-022-02594-0

8. Verkuijl SJ, Furnée EJ, Kelder W, et al.: Long-term bowel dysfunction and decline in quality of life following
surgery for colon cancer: call for personalized screening and treatment. Dis Colon Rectum. 2022, 65:1531-
41. 10.1097/DCR.0000000000002377

9. Liska D, Novello M, Cengiz BT, et al.: Enhanced recovery pathway benefits patients undergoing nonelective
colorectal surgery. Ann Surg. 2021, 273:772-7. 10.1097/SLA.0000000000003438

10. Tevis SE, Kennedy GD: Postoperative complications: looking forward to a safer future . Clin Colon Rectal
Surg. 2016, 29:246-52. 10.1055/s-0036-1584501

11. Lohsiriwat V, Jitmungngan R, Chadbunchachai W, Ungprasert P: Enhanced Recovery After Surgery in
emergency resection for obstructive colorectal cancer: a systematic review and meta-analysis. Int J
Colorectal Dis. 2020, 35:1453-61. 10.1007/s00384-020-03652-5

12. Hughes M, Coolsen MM, Aahlin EK, et al.: Attitudes of patients and care providers to Enhanced Recovery
After Surgery programs after major abdominal surgery. J Surg Res. 2015, 193:102-10.
10.1016/j.jss.2014.06.032

13. Ripollés-Melchor J, Casans-Francés R, Abad-Gurumeta A, Suárez-de-la-Rica A, Ramírez-Rodríguez JM,
López-Timoneda F, Calvo-Vecino JM: Spanish survey on Enhanced Recovery After Surgery . Rev Esp
Anestesiol Reanim. 2016, 63:376-83. 10.1016/j.redar.2015.09.007

14. Sutton E, Herbert G, Burden S, Lewis S, Thomas S, Ness A, Atkinson C: Using the normalization process
theory to qualitatively explore sense-making in implementation of the Enhanced Recovery After Surgery
programme: "it's not rocket science". PLoS One. 2018, 13:e0195890. 10.1371/journal.pone.0195890

15. Calvo-Vecino JM, Ramirez JM, Loinaz C, et al.: Vía Clínica de Recuperación Intensificada en Cirugía
Abdominal (RICA). Instituto Aragonés de Ciencias de la Salud, Zaragoza, Spain; 2015.

16. Carmichael JC, Keller DS, Baldini G, et al.: Clinical practice guidelines for enhanced recovery after colon and
rectal surgery from the American Society of Colon and Rectal Surgeons and Society of American
Gastrointestinal and Endoscopic Surgeons. Dis Colon Rectum. 2017, 60:761-84.
10.1097/DCR.0000000000000883

17. Taurchini M, Del Naja C, Tancredi A: Enhanced Recovery After Surgery: a patient centered process . J Vis
Surg. 2018, 4:40. 10.21037/jovs.2018.01.20

18. Bakker N, Cakir H, Doodeman HJ, Houdijk AP: Eight years of experience with Enhanced Recovery After
Surgery in patients with colon cancer: impact of measures to improve adherence. Surgery. 2015, 157:1130-6.
10.1016/j.surg.2015.01.016

19. Renner J, Moikow L, Lorenzen U: Enhanced Recovery After Surgery (ERAS): less is more: what must be
considered from an anesthesiological perspective? [Article in German]. Chirurg. 2021, 92:421-7.
10.1007/s00104-021-01360-6

20. Forsmo HM, Pfeffer F, Rasdal A, Østgaard G, Mohn AC, Körner H, Erichsen C: Compliance with enhanced
recovery after surgery criteria and preoperative and postoperative counselling reduces length of hospital
stay in colorectal surgery: results of a randomized controlled trial. Colorectal Dis. 2016, 18:603-11.
10.1111/codi.13253

21. Forsmo HM, Pfeffer F, Rasdal A, Sintonen H, Körner H, Erichsen C: Pre- and postoperative stoma education
and guidance within an Enhanced Recovery After Surgery (ERAS) programme reduces length of hospital stay
in colorectal surgery. Int J Surg. 2016, 36:121-6. 10.1016/j.ijsu.2016.10.031

22. de Boer HD, Fawcett WJ, Scott MJ: Enhanced recovery after surgery: the road to improve peri-operative care
globally. Eur J Anaesthesiol. 2021, 38:905-7. 10.1097/EJA.0000000000001509

23. Adams GR, Caiozzo VJ, Baldwin KM: Skeletal muscle unweighting: spaceflight and ground-based models . J
Appl Physiol (1985). 2003, 95:2185-201. 10.1152/japplphysiol.00346.2003

24. Oliveira ZS, Silveira ML, Gomes PP, Silva JS, Germano AR: Early recovery after surgery protocol in
orthognathic surgery: a randomized, blind clinical study. Braz Oral Res. 2021, 35:e87. 10.1590/1807-
3107bor-2021.vol35.0087

25. Nelson G, Wang X, Nelson A, et al.: Evaluation of the implementation of multiple Enhanced Recovery After
Surgery pathways across a provincial health care system in Alberta, Canada. JAMA Netw Open. 2021,
4:e2119769. 10.1001/jamanetworkopen.2021.19769

26. Wischmeyer PE, Carli F, Evans DC, et al.: American Society for Enhanced Recovery and Perioperative Quality
Initiative Joint Consensus Statement on nutrition screening and therapy within a surgical enhanced recovery
pathway. Anesth Analg. 2018, 126:1883-95. 10.1213/ANE.0000000000002743

27. Kong SH, Lee HJ, Na JR, et al.: Effect of perioperative oral nutritional supplementation in malnourished
patients who undergo gastrectomy: a prospective randomized trial. Surgery. 2018, 164:1263-70.
10.1016/j.surg.2018.05.017

28. Joris J, Hans G, Coimbra C, Decker E, Kaba A: Elderly patients over 70 years benefit from enhanced recovery
programme after colorectal surgery as much as younger patients. J Visc Surg. 2020, 157:23-31.
10.1016/j.jviscsurg.2019.07.011

29. Hegazi RA, Hustead DS, Evans DC: Preoperative standard oral nutrition supplements vs immunonutrition:
results of a systematic review and meta-analysis. J Am Coll Surg. 2014, 219:1078-87.
10.1016/j.jamcollsurg.2014.06.016

30. Güenaga KF, Matos D, Wille-Jørgensen P: Mechanical bowel preparation for elective colorectal surgery.

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 10 of 15

https://dx.doi.org/10.1016/j.jamcollsurg.2014.12.042
https://dx.doi.org/10.1016/j.jamcollsurg.2014.12.042
https://dx.doi.org/10.1097/DCR.0b013e31827080c1
https://dx.doi.org/10.1097/DCR.0b013e31827080c1
https://dx.doi.org/10.1016/j.ejso.2020.11.136
https://dx.doi.org/10.1016/j.ejso.2020.11.136
https://dx.doi.org/10.1007/s10151-022-02594-0
https://dx.doi.org/10.1007/s10151-022-02594-0
https://dx.doi.org/10.1097/DCR.0000000000002377
https://dx.doi.org/10.1097/DCR.0000000000002377
https://dx.doi.org/10.1097/SLA.0000000000003438
https://dx.doi.org/10.1097/SLA.0000000000003438
https://dx.doi.org/10.1055/s-0036-1584501
https://dx.doi.org/10.1055/s-0036-1584501
https://dx.doi.org/10.1007/s00384-020-03652-5
https://dx.doi.org/10.1007/s00384-020-03652-5
https://dx.doi.org/10.1016/j.jss.2014.06.032
https://dx.doi.org/10.1016/j.jss.2014.06.032
https://dx.doi.org/10.1016/j.redar.2015.09.007
https://dx.doi.org/10.1016/j.redar.2015.09.007
https://dx.doi.org/10.1371/journal.pone.0195890
https://dx.doi.org/10.1371/journal.pone.0195890
https://www.researchgate.net/publication/280091693_Via_Clinica_de_Recuperacion_Intensificada_en_Cirugia_Abdominal_RICA
https://dx.doi.org/10.1097/DCR.0000000000000883
https://dx.doi.org/10.1097/DCR.0000000000000883
https://dx.doi.org/10.21037/jovs.2018.01.20
https://dx.doi.org/10.21037/jovs.2018.01.20
https://dx.doi.org/10.1016/j.surg.2015.01.016
https://dx.doi.org/10.1016/j.surg.2015.01.016
https://dx.doi.org/10.1007/s00104-021-01360-6
https://dx.doi.org/10.1007/s00104-021-01360-6
https://dx.doi.org/10.1111/codi.13253
https://dx.doi.org/10.1111/codi.13253
https://dx.doi.org/10.1016/j.ijsu.2016.10.031
https://dx.doi.org/10.1016/j.ijsu.2016.10.031
https://dx.doi.org/10.1097/EJA.0000000000001509
https://dx.doi.org/10.1097/EJA.0000000000001509
https://dx.doi.org/10.1152/japplphysiol.00346.2003
https://dx.doi.org/10.1152/japplphysiol.00346.2003
https://dx.doi.org/10.1590/1807-3107bor-2021.vol35.0087
https://dx.doi.org/10.1590/1807-3107bor-2021.vol35.0087
https://dx.doi.org/10.1001/jamanetworkopen.2021.19769
https://dx.doi.org/10.1001/jamanetworkopen.2021.19769
https://dx.doi.org/10.1213/ANE.0000000000002743
https://dx.doi.org/10.1213/ANE.0000000000002743
https://dx.doi.org/10.1016/j.surg.2018.05.017
https://dx.doi.org/10.1016/j.surg.2018.05.017
https://dx.doi.org/10.1016/j.jviscsurg.2019.07.011
https://dx.doi.org/10.1016/j.jviscsurg.2019.07.011
https://dx.doi.org/10.1016/j.jamcollsurg.2014.06.016
https://dx.doi.org/10.1016/j.jamcollsurg.2014.06.016
https://dx.doi.org/10.1002/14651858.CD001544.pub4


Cochrane Database Syst Rev. 2011, 2011:CD001544. 10.1002/14651858.CD001544.pub4
31. Chen M, Song X, Chen LZ, Lin ZD, Zhang XL: Comparing mechanical bowel preparation with both oral and

systemic antibiotics versus mechanical bowel preparation and systemic antibiotics alone for the prevention
of surgical site infection after elective colorectal surgery: a meta-analysis of randomized controlled clinical
trials. Dis Colon Rectum. 2016, 59:70-8. 10.1097/DCR.0000000000000524

32. Moghadamyeghaneh Z, Hwang GS, Hanna MH, Carmichael JC, Mills S, Pigazzi A, Stamos MJ: Surgical site
infection impact of pelvic exenteration procedure. J Surg Oncol. 2015, 112:533-7. 10.1002/jso.24023

33. Kim EK, Sheetz KH, Bonn J, et al.: A statewide colectomy experience: the role of full bowel preparation in
preventing surgical site infection. Ann Surg. 2014, 259:310-4. 10.1097/SLA.0b013e3182a62643

34. Migaly J, Bafford AC, Francone TD, et al.: The American Society of Colon and Rectal Surgeons clinical
practice guidelines for the use of bowel preparation in elective colon and rectal surgery. Dis Colon Rectum.
2019, 62:3-8. 10.1097/DCR.0000000000001238

35. Le Roy B, Selvy M, Slim K: The concept of prehabilitation: what the surgeon needs to know? . J Visc Surg.
2016, 153:109-12. 10.1016/j.jviscsurg.2016.01.001

36. Bruns ER, van den Heuvel B, Buskens CJ, et al.: The effects of physical prehabilitation in elderly patients
undergoing colorectal surgery: a systematic review. Colorectal Dis. 2016, 18:O267-77. 10.1111/codi.13429

37. Carli F, Bousquet-Dion G, Awasthi R, et al.: Effect of multimodal prehabilitation vs postoperative
rehabilitation on 30-day postoperative complications for frail patients undergoing resection of colorectal
cancer: a randomized clinical trial. JAMA Surg. 2020, 155:233-42. 10.1001/jamasurg.2019.5474

38. Bousquet-Dion G, Awasthi R, Loiselle SÈ, et al.: Evaluation of supervised multimodal prehabilitation
programme in cancer patients undergoing colorectal resection: a randomized control trial. Acta Oncol.
2018, 57:849-59. 10.1080/0284186X.2017.1423180

39. Fulop A, Lakatos L, Susztak N, Szijarto A, Banky B: The effect of trimodal prehabilitation on the physical and
psychological health of patients undergoing colorectal surgery: a randomised clinical trial. Anaesthesia.
2021, 76:82-90. 10.1111/anae.15215

40. Barberan-Garcia A, Ubré M, Roca J, et al.: Personalised prehabilitation in high-risk patients undergoing
elective major abdominal surgery: a randomized blinded controlled trial. Ann Surg. 2018, 267:50-6.
10.1097/SLA.0000000000002293

41. Berkel AE, Bongers BC, Kotte H, et al.: Effects of community-based exercise prehabilitation for patients
scheduled for colorectal surgery with high risk for postoperative complications: results of a randomized
clinical trial. Ann Surg. 2022, 275:e299-306. 10.1097/SLA.0000000000004702

42. Onerup A, Andersson J, Angenete E, et al.: Effect of short-term homebased pre- and postoperative exercise
on recovery after colorectal cancer surgery (PHYSSURG-C): a randomized clinical trial. Ann Surg. 2022,
275:448-55. 10.1097/SLA.0000000000004901

43. Gillis C, Buhler K, Bresee L, et al.: Effects of nutritional prehabilitation, with and without exercise, on
outcomes of patients who undergo colorectal surgery: a systematic review and meta-analysis.
Gastroenterology. 2018, 155:391-410.e4. 10.1053/j.gastro.2018.05.012

44. Teo JY, Turner R, Self M: Effect of exercise prehabilitation on functional status of patients undergoing
bowel resection: a systematic review. ANZ J Surg. 2020, 90:693-701. 10.1111/ans.15659

45. van Rooijen SJ, Engelen MA, Scheede-Bergdahl C, Carli F, Roumen RM, Slooter GD, Schep G: Systematic
review of exercise training in colorectal cancer patients during treatment. Scand J Med Sci Sports. 2018,
28:360-70. 10.1111/sms.12907

46. Piraux E, Caty G, Reychler G: Effects of preoperative combined aerobic and resistance exercise training in
cancer patients undergoing tumour resection surgery: a systematic review of randomised trials. Surg Oncol.
2018, 27:584-94. 10.1016/j.suronc.2018.07.007

47. Kamarajah SK, Bundred J, Weblin J, Tan BH: Critical appraisal on the impact of preoperative rehabilitation
and outcomes after major abdominal and cardiothoracic surgery: a systematic review and meta-analysis.
Surgery. 2020, 167:540-9. 10.1016/j.surg.2019.07.032

48. Heger P, Probst P, Wiskemann J, Steindorf K, Diener MK, Mihaljevic AL: A systematic review and meta-
analysis of physical exercise prehabilitation in major abdominal surgery (PROSPERO 2017
CRD42017080366). J Gastrointest Surg. 2020, 24:1375-85. 10.1007/s11605-019-04287-w

49. Tippireddy S, Ghatol D: Anesthetic management for Enhanced Recovery After Major Surgery (ERAS) .
StatPearls [Internet]. StatPearls Publishing, Treasure Island (FL); 2024.

50. Khanna P, Sarkar S, Garg B: Anesthetic considerations in spine surgery: what orthopaedic surgeon should
know!. J Clin Orthop Trauma. 2020, 11:742-8. 10.1016/j.jcot.2020.05.005

51. Albert H, Bataller W, Masroor N, et al.: Infection prevention and enhanced recovery after surgery: a
partnership for implementation of an evidence-based bundle to reduce colorectal surgical site infections.
Am J Infect Control. 2019, 47:718-9. 10.1016/j.ajic.2018.11.004

52. D’Souza K, Choi JI, Wootton J, Wallace T: Impact of sequential implementation of multimodal perioperative
care pathways on colorectal surgical outcomes. Can J Surg. 2019, 62:25-32. 10.1503/cjs.015617

53. Hajirawala LN, Legare TB, Tiu SP, DeKerlegand AM, Barton JS, Davis KG, Orangio GR: The impact of a
colorectal care bundle for surgical site infections at an academic disproportionate share hospital with a level
I trauma center. Am Surg. 2020, 86:848-55. 10.1177/0003134820940240

54. Hoang SC, Klipfel AA, Roth LA, Vrees M, Schechter S, Shah N: Colon and rectal surgery surgical site
infection reduction bundle: to improve is to change. Am J Surg. 2019, 217:40-5.
10.1016/j.amjsurg.2018.07.008

55. Zywot A, Lau CS, Stephen Fletcher H, Paul S: Bundles prevent surgical site infections after colorectal
surgery: meta-analysis and systematic review. J Gastrointest Surg. 2017, 21:1915-30. 10.1007/s11605-017-
3465-3

56. Pop-Vicas AE, Abad C, Baubie K, Osman F, Heise C, Safdar N: Colorectal bundles for surgical site infection
prevention: a systematic review and meta-analysis. Infect Control Hosp Epidemiol. 2020, 41:805-12.
10.1017/ice.2020.112

57. Pang Q, Duan L, Jiang Y, Liu H: Oncologic and long-term outcomes of enhanced recovery after surgery in
cancer surgeries - a systematic review. World J Surg Oncol. 2021, 19:191. 10.1186/s12957-021-02306-2

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 11 of 15

https://dx.doi.org/10.1002/14651858.CD001544.pub4
https://dx.doi.org/10.1097/DCR.0000000000000524
https://dx.doi.org/10.1097/DCR.0000000000000524
https://dx.doi.org/10.1002/jso.24023
https://dx.doi.org/10.1002/jso.24023
https://dx.doi.org/10.1097/SLA.0b013e3182a62643
https://dx.doi.org/10.1097/SLA.0b013e3182a62643
https://dx.doi.org/10.1097/DCR.0000000000001238
https://dx.doi.org/10.1097/DCR.0000000000001238
https://dx.doi.org/10.1016/j.jviscsurg.2016.01.001
https://dx.doi.org/10.1016/j.jviscsurg.2016.01.001
https://dx.doi.org/10.1111/codi.13429
https://dx.doi.org/10.1111/codi.13429
https://dx.doi.org/10.1001/jamasurg.2019.5474
https://dx.doi.org/10.1001/jamasurg.2019.5474
https://dx.doi.org/10.1080/0284186X.2017.1423180
https://dx.doi.org/10.1080/0284186X.2017.1423180
https://dx.doi.org/10.1111/anae.15215
https://dx.doi.org/10.1111/anae.15215
https://dx.doi.org/10.1097/SLA.0000000000002293
https://dx.doi.org/10.1097/SLA.0000000000002293
https://dx.doi.org/10.1097/SLA.0000000000004702
https://dx.doi.org/10.1097/SLA.0000000000004702
https://dx.doi.org/10.1097/SLA.0000000000004901
https://dx.doi.org/10.1097/SLA.0000000000004901
https://dx.doi.org/10.1053/j.gastro.2018.05.012
https://dx.doi.org/10.1053/j.gastro.2018.05.012
https://dx.doi.org/10.1111/ans.15659
https://dx.doi.org/10.1111/ans.15659
https://dx.doi.org/10.1111/sms.12907
https://dx.doi.org/10.1111/sms.12907
https://dx.doi.org/10.1016/j.suronc.2018.07.007
https://dx.doi.org/10.1016/j.suronc.2018.07.007
https://dx.doi.org/10.1016/j.surg.2019.07.032
https://dx.doi.org/10.1016/j.surg.2019.07.032
https://dx.doi.org/10.1007/s11605-019-04287-w
https://dx.doi.org/10.1007/s11605-019-04287-w
https://www.ncbi.nlm.nih.gov/books/NBK574567/
https://dx.doi.org/10.1016/j.jcot.2020.05.005
https://dx.doi.org/10.1016/j.jcot.2020.05.005
https://dx.doi.org/10.1016/j.ajic.2018.11.004
https://dx.doi.org/10.1016/j.ajic.2018.11.004
https://dx.doi.org/10.1503/cjs.015617
https://dx.doi.org/10.1503/cjs.015617
https://dx.doi.org/10.1177/0003134820940240
https://dx.doi.org/10.1177/0003134820940240
https://dx.doi.org/10.1016/j.amjsurg.2018.07.008
https://dx.doi.org/10.1016/j.amjsurg.2018.07.008
https://dx.doi.org/10.1007/s11605-017-3465-3
https://dx.doi.org/10.1007/s11605-017-3465-3
https://dx.doi.org/10.1017/ice.2020.112
https://dx.doi.org/10.1017/ice.2020.112
https://dx.doi.org/10.1186/s12957-021-02306-2
https://dx.doi.org/10.1186/s12957-021-02306-2


58. Huang Y, Tang SR, Young CJ: Nonsteroidal anti-inflammatory drugs and anastomotic dehiscence after
colorectal surgery: a meta-analysis. ANZ J Surg. 2018, 88:959-65. 10.1111/ans.14322

59. Modasi A, Pace D, Godwin M, Smith C, Curtis B: NSAID administration post colorectal surgery increases
anastomotic leak rate: systematic review/meta-analysis. Surg Endosc. 2019, 33:879-85. 10.1007/s00464-
018-6355-1

60. Bhangu A, Singh P, Fitzgerald JE, Slesser A, Tekkis P: Postoperative nonsteroidal anti-inflammatory drugs
and risk of anastomotic leak: meta-analysis of clinical and experimental studies. World J Surg. 2014,
38:2247-57. 10.1007/s00268-014-2531-1

61. Gorissen KJ, Benning D, Berghmans T, Snoeijs MG, Sosef MN, Hulsewe KW, Luyer MD: Risk of anastomotic
leakage with non-steroidal anti-inflammatory drugs in colorectal surgery. Br J Surg. 2012, 99:721-7.
10.1002/bjs.8691

62. Bakker N, Deelder JD, Richir MC, Cakir H, Doodeman HJ, Schreurs WH, Houdijk AP: Risk of anastomotic
leakage with nonsteroidal anti-inflammatory drugs within an enhanced recovery program. J Gastrointest
Surg. 2016, 20:776-82. 10.1007/s11605-015-3010-1

63. Ohnuma T, Krishnamoorthy V, Ellis AR, et al.: Association 'between gabapentinoids on the day of colorectal
surgery and adverse postoperative respiratory outcomes. Ann Surg. 2019, 270:e65-7.
10.1097/SLA.0000000000003317

64. Ohnuma T, Raghunathan K, Moore S, et al.: Dose-dependent association of gabapentinoids with pulmonary
complications after total hip and knee arthroplasties. J Bone Joint Surg Am. 2020, 102:221-9.
10.2106/JBJS.19.00889

65. Verret M, Lauzier F, Zarychanski R, et al.: Perioperative use of gabapentinoids for the management of
postoperative acute pain: a systematic review and meta-analysis. Anesthesiology. 2020, 133:265-79.
10.1097/ALN.0000000000003428

66. Edwards DA, Hedrick TL, Jayaram J, et al.: American Society for Enhanced Recovery and Perioperative
Quality Initiative Joint Consensus Statement on perioperative management of patients on preoperative
opioid therapy. Anesth Analg. 2019, 129:553-66. 10.1213/ANE.0000000000004018

67. Brinck EC, Tiippana E, Heesen M, Bell RF, Straube S, Moore RA, Kontinen V: Perioperative intravenous
ketamine for acute postoperative pain in adults. Cochrane Database Syst Rev. 2018, 12:CD012033.
10.1002/14651858.CD012033.pub4

68. De Oliveira GS Jr, Castro-Alves LJ, Khan JH, McCarthy RJ: Perioperative systemic magnesium to minimize
postoperative pain: a meta-analysis of randomized controlled trials. Anesthesiology. 2013, 119:178-90.
10.1097/ALN.0b013e318297630d

69. Hamid HK, Marc-Hernández A, Saber AA: Transversus abdominis plane block versus thoracic epidural
analgesia in colorectal surgery: a systematic review and meta-analysis. Langenbecks Arch Surg. 2021,
406:273-82. 10.1007/s00423-020-01995-9

70. Peltrini R, Cantoni V, Green R, Greco PA, Calabria M, Bucci L, Corcione F: Efficacy of transversus abdominis
plane (TAP) block in colorectal surgery: a systematic review and meta-analysis. Tech Coloproctol. 2020,
24:787-802. 10.1007/s10151-020-02206-9

71. Hamid HK, Emile SH, Saber AA, Ruiz-Tovar J, Minas V, Cataldo TE: Laparoscopic-guided transversus
abdominis plane block for postoperative pain management in minimally invasive surgery: systematic review
and meta-analysis. J Am Coll Surg. 2020, 231:376-86.e15. 10.1016/j.jamcollsurg.2020.05.020

72. Koning MV, Teunissen AJ, van der Harst E, Ruijgrok EJ, Stolker RJ: Intrathecal morphine for laparoscopic
segmental colonic resection as part of an enhanced recovery protocol: a randomized controlled trial. Reg
Anesth Pain Med. 2018, 43:166-73. 10.1097/AAP.0000000000000703

73. Xu W, Varghese C, Bissett IP, O'Grady G, Wells CI: Network meta-analysis of local and regional analgesia
following colorectal resection. Br J Surg. 2020, 107:e109-22. 10.1002/bjs.11425

74. Kodia K, Stephens-McDonnough JA, Alnajar A, Villamizar NR, Nguyen DM: Implementation of an enhanced
recovery after thoracic surgery care pathway for thoracotomy patients-achieving better pain control with
less (schedule II) opioid utilization. J Thorac Dis. 2021, 13:3948-59. 10.21037/jtd-21-552

75. De Roo AC, Vu JV, Regenbogen SE: Statewide utilization of multimodal analgesia and length of stay after
colectomy. J Surg Res. 2020, 247:264-70. 10.1016/j.jss.2019.10.014

76. Elsaeidy AS, Ahmad AH, Kohaf NA, et al.: Efficacy and safety of ketamine-dexmedetomidine versus
ketamine-propofol combination for periprocedural sedation: a systematic review and meta-analysis. Curr
Pain Headache Rep. 2024, 28:211-27. 10.1007/s11916-023-01208-0

77. Tinguely P, Morare N, Ramirez-Del Val A, et al.: Enhanced Recovery After Surgery programs improve short-
term outcomes after liver transplantation-a systematic review and meta-analysis. Clin Transplant. 2021,
35:e14453. 10.1111/ctr.14453

78. Torgeson M, Kileny J, Pfeifer C, Narkiewicz L, Obi S: Conventional epidural vs transversus abdominis plane
block with liposomal bupivacaine: a randomized trial in colorectal surgery. J Am Coll Surg. 2018, 227:78-83.
10.1016/j.jamcollsurg.2018.04.021

79. Schraag S, Pradelli L, Alsaleh AJ, et al.: Propofol vs. inhalational agents to maintain general anaesthesia in
ambulatory and in-patient surgery: a systematic review and meta-analysis. BMC Anesthesiol. 2018, 18:162.
10.1186/s12871-018-0632-3

80. Gan TJ, Belani KG, Bergese S, et al.: Fourth consensus guidelines for the management of postoperative
nausea and vomiting. Anesth Analg. 2020, 131:411-48. 10.1213/ANE.0000000000004833

81. Sarin A, Litonius ES, Naidu R, Yost CS, Varma MG, Chen LL: Successful implementation of an Enhanced
Recovery After Surgery program shortens length of stay and improves postoperative pain, and bowel and
bladder function after colorectal surgery. BMC Anesthesiol. 2016, 16:55. 10.1186/s12871-016-0223-0

82. Dickinson KJ, Taswell JB, Allen MS, et al.: Factors influencing length of stay after surgery for benign foregut
disease. Eur J Cardiothorac Surg. 2016, 50:124-9. 10.1093/ejcts/ezv453

83. Feldheiser A, Aziz O, Baldini G, et al.: Enhanced Recovery After Surgery (ERAS) for gastrointestinal surgery,
part 2: consensus statement for anaesthesia practice. Acta Anaesthesiol Scand. 2016, 60:289-334.
10.1111/aas.12651

84. Cho E, Kim DH, Shin S, Kim SH, Oh YJ, Choi YS: Efficacy of palonosetron-dexamethasone combination

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 12 of 15

https://dx.doi.org/10.1111/ans.14322
https://dx.doi.org/10.1111/ans.14322
https://dx.doi.org/10.1007/s00464-018-6355-1
https://dx.doi.org/10.1007/s00464-018-6355-1
https://dx.doi.org/10.1007/s00268-014-2531-1
https://dx.doi.org/10.1007/s00268-014-2531-1
https://dx.doi.org/10.1002/bjs.8691
https://dx.doi.org/10.1002/bjs.8691
https://dx.doi.org/10.1007/s11605-015-3010-1
https://dx.doi.org/10.1007/s11605-015-3010-1
https://dx.doi.org/10.1097/SLA.0000000000003317
https://dx.doi.org/10.1097/SLA.0000000000003317
https://dx.doi.org/10.2106/JBJS.19.00889
https://dx.doi.org/10.2106/JBJS.19.00889
https://dx.doi.org/10.1097/ALN.0000000000003428
https://dx.doi.org/10.1097/ALN.0000000000003428
https://dx.doi.org/10.1213/ANE.0000000000004018
https://dx.doi.org/10.1213/ANE.0000000000004018
https://dx.doi.org/10.1002/14651858.CD012033.pub4
https://dx.doi.org/10.1002/14651858.CD012033.pub4
https://dx.doi.org/10.1097/ALN.0b013e318297630d
https://dx.doi.org/10.1097/ALN.0b013e318297630d
https://dx.doi.org/10.1007/s00423-020-01995-9
https://dx.doi.org/10.1007/s00423-020-01995-9
https://dx.doi.org/10.1007/s10151-020-02206-9
https://dx.doi.org/10.1007/s10151-020-02206-9
https://dx.doi.org/10.1016/j.jamcollsurg.2020.05.020
https://dx.doi.org/10.1016/j.jamcollsurg.2020.05.020
https://dx.doi.org/10.1097/AAP.0000000000000703
https://dx.doi.org/10.1097/AAP.0000000000000703
https://dx.doi.org/10.1002/bjs.11425
https://dx.doi.org/10.1002/bjs.11425
https://dx.doi.org/10.21037/jtd-21-552
https://dx.doi.org/10.21037/jtd-21-552
https://dx.doi.org/10.1016/j.jss.2019.10.014
https://dx.doi.org/10.1016/j.jss.2019.10.014
https://dx.doi.org/10.1007/s11916-023-01208-0
https://dx.doi.org/10.1007/s11916-023-01208-0
https://dx.doi.org/10.1111/ctr.14453
https://dx.doi.org/10.1111/ctr.14453
https://dx.doi.org/10.1016/j.jamcollsurg.2018.04.021
https://dx.doi.org/10.1016/j.jamcollsurg.2018.04.021
https://dx.doi.org/10.1186/s12871-018-0632-3
https://dx.doi.org/10.1186/s12871-018-0632-3
https://dx.doi.org/10.1213/ANE.0000000000004833
https://dx.doi.org/10.1213/ANE.0000000000004833
https://dx.doi.org/10.1186/s12871-016-0223-0
https://dx.doi.org/10.1186/s12871-016-0223-0
https://dx.doi.org/10.1093/ejcts/ezv453
https://dx.doi.org/10.1093/ejcts/ezv453
https://dx.doi.org/10.1111/aas.12651
https://dx.doi.org/10.1111/aas.12651


versus palonosetron alone for preventing nausea and vomiting related to opioid-based analgesia: a
prospective, randomized, double-blind trial. Int J Med Sci. 2018, 15:961-8. 10.7150/ijms.24230

85. Gupta R, Srivastava S, Dhiraaj S, Chovatiya PP: Minimum effective dose of dexamethasone in combination
with midazolam as prophylaxis against postoperative nausea and vomiting after laparoscopic
cholecystectomy. Anesth Essays Res. 2018, 12:396-401. 10.4103/aer.AER_19_18

86. Kim KM, Huh J, Lee SK, Park EY, Lee JM, Kim HJ: Combination of gabapentin and ramosetron for the
prevention of postoperative nausea and vomiting after gynecologic laparoscopic surgery: a prospective
randomized comparative study. BMC Anesthesiol. 2017, 17:65. 10.1186/s12871-017-0357-8

87. Kranke P, Bergese SD, Minkowitz HS, et al.: Amisulpride prevents postoperative nausea and vomiting in
patients at high risk: a randomized, double-blind, placebo-controlled trial. Anesthesiology. 2018, 128:1099-
106. 10.1097/ALN.0000000000002133

88. Narayanappa AB, Gurulingaswamy S, Prabhakaraiah UN, Gurushanth SR, Sapare V, Goud N: Intravenous
palonosetron compared with a combination of ramosetron and dexamethasone in preventing post operative
nausea and vomiting in patients undergoing gynaecological surgeries under spinal anaesthesia, a
randomised study. Indian J Anaesth. 2017, 61:144-9. 10.4103/0019-5049.199851

89. Si XY, Wu LP, Li XD, Li B, Zhou YM: Dexamethasone combined with other antiemetics for prophylaxis after
laparoscopic cholecystectomy. Asian J Surg. 2015, 38:21-7. 10.1016/j.asjsur.2014.04.005

90. Toner AJ, Ganeshanathan V, Chan MT, Ho KM, Corcoran TB: Safety of perioperative glucocorticoids in
elective noncardiac surgery: a systematic review and meta-analysis. Anesthesiology. 2017, 126:234-48.
10.1097/ALN.0000000000001466

91. Feroci F, Lenzi E, Baraghini M, Garzi A, Vannucchi A, Cantafio S, Scatizzi M: Fast-track colorectal surgery:
protocol adherence influences postoperative outcomes. Int J Colorectal Dis. 2013, 28:103-9. 10.1007/s00384-
012-1569-5

92. van Zelm R, Coeckelberghs E, Sermeus W, et al.: Variation in care for surgical patients with colorectal
cancer: protocol adherence in 12 European hospitals. Int J Colorectal Dis. 2017, 32:1471-8. 10.1007/s00384-
017-2863-z

93. Pecorelli N, Hershorn O, Baldini G, et al.: Impact of adherence to care pathway interventions on recovery
following bowel resection within an established enhanced recovery program. Surg Endosc. 2017, 31:1760-71.
10.1007/s00464-016-5169-2

94. Pisarska M, Pędziwiatr M, Małczak P, et al.: Do we really need the full compliance with ERAS protocol in
laparoscopic colorectal surgery? A prospective cohort study. Int J Surg. 2016, 36:377-82.
10.1016/j.ijsu.2016.11.088

95. Daskivich TJ, Houman J, Lopez M, et al.: Association of wearable activity monitors with assessment of daily
ambulation and length of stay among patients undergoing major surgery. JAMA Netw Open. 2019,
2:e187673. 10.1001/jamanetworkopen.2018.7673

96. Castelino T, Fiore JF Jr, Niculiseanu P, Landry T, Augustin B, Feldman LS: The effect of early mobilization
protocols on postoperative outcomes following abdominal and thoracic surgery: a systematic review.
Surgery. 2016, 159:991-1003. 10.1016/j.surg.2015.11.029

97. Fiore JF Jr, Castelino T, Pecorelli N, et al.: Ensuring early mobilization within an enhanced recovery program
for colorectal surgery: a randomized controlled trial. Ann Surg. 2017, 266:223-31.
10.1097/SLA.0000000000002114

98. Balvardi S, Pecorelli N, Castelino T, et al.: Impact of facilitation of early mobilization on postoperative
pulmonary outcomes after colorectal surgery: a randomized controlled trial. Ann Surg. 2021, 273:868-75.
10.1097/SLA.0000000000003919

99. Herbert G, Perry R, Andersen HK, et al.: Early enteral nutrition within 24 hours of lower gastrointestinal
surgery versus later commencement for length of hospital stay and postoperative complications. Cochrane
Database Syst Rev. 2019, 7:CD004080. 10.1002/14651858.CD004080.pub4

100. Hogan S, Steffens D, Rangan A, Solomon M, Carey S: The effect of diets delivered into the gastrointestinal
tract on gut motility after colorectal surgery-a systematic review and meta-analysis of randomised
controlled trials. Eur J Clin Nutr. 2019, 73:1331-42. 10.1038/s41430-019-0474-1

101. Meyer JP, Fawcett D: The use of chewing gum for preventing postoperative ileus . BJU Int. 2008, 101:1-2.
10.1111/j.1464-410X.2007.07278.x

102. Liu Q, Jiang H, Xu D, Jin J: Effect of gum chewing on ameliorating ileus following colorectal surgery: a meta-
analysis of 18 randomized controlled trials. Int J Surg. 2017, 47:107-15. 10.1016/j.ijsu.2017.07.107

103. Irani JL, Hedrick TL, Miller TE, et al.: Clinical practice guidelines for enhanced recovery after colon and
rectal surgery from the American Society of Colon and Rectal Surgeons and the Society of American
Gastrointestinal and Endoscopic Surgeons. Dis Colon Rectum. 2022, 66:15-40.
10.1097/DCR.0000000000002650

104. Roslan F, Kushairi A, Cappuyns L, Daliya P, Adiamah A: The impact of sham feeding with chewing gum on
postoperative ileus following colorectal surgery: a meta-analysis of randomised controlled trials. J
Gastrointest Surg. 2020, 24:2643-53. 10.1007/s11605-019-04507-3

105. Dulskas A, Klimovskij M, Vitkauskiene M, Samalavicius NE: Effect of coffee on the length of postoperative
ileus after elective laparoscopic left-sided colectomy: a randomized, prospective single-center study. Dis
Colon Rectum. 2015, 58:1064-9. 10.1097/DCR.0000000000000449

106. Piric M, Pasic F, Rifatbegovic Z, Konjic F: The effects of drinking coffee while recovering from colon and
rectal resection surgery. Med Arch. 2015, 69:357-61. 10.5455/medarh.2015.69.357-361

107. Cornwall HL, Edwards BA, Curran JF, Boyce S: Coffee to go? The effect of coffee on resolution of ileus
following abdominal surgery: a systematic review and meta-analysis of randomised controlled trials. Clin
Nutr. 2020, 39:1385-94. 10.1016/j.clnu.2019.06.003

108. Carrier G, Cotte E, Beyer-Berjot L, Faucheron JL, Joris J, Slim K: Post-discharge follow-up using text
messaging within an enhanced recovery program after colorectal surgery. J Visc Surg. 2016, 153:249-52.
10.1016/j.jviscsurg.2016.05.016

109. Spohr SA, Nandy R, Gandhiraj D, Vemulapalli A, Anne S, Walters ST: Efficacy of SMS text message
interventions for smoking cessation: a meta-analysis. J Subst Abuse Treat. 2015, 56:1-10.

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 13 of 15

https://dx.doi.org/10.7150/ijms.24230
https://dx.doi.org/10.7150/ijms.24230
https://dx.doi.org/10.4103/aer.AER_19_18
https://dx.doi.org/10.4103/aer.AER_19_18
https://dx.doi.org/10.1186/s12871-017-0357-8
https://dx.doi.org/10.1186/s12871-017-0357-8
https://dx.doi.org/10.1097/ALN.0000000000002133
https://dx.doi.org/10.1097/ALN.0000000000002133
https://dx.doi.org/10.4103/0019-5049.199851
https://dx.doi.org/10.4103/0019-5049.199851
https://dx.doi.org/10.1016/j.asjsur.2014.04.005
https://dx.doi.org/10.1016/j.asjsur.2014.04.005
https://dx.doi.org/10.1097/ALN.0000000000001466
https://dx.doi.org/10.1097/ALN.0000000000001466
https://dx.doi.org/10.1007/s00384-012-1569-5
https://dx.doi.org/10.1007/s00384-012-1569-5
https://dx.doi.org/10.1007/s00384-017-2863-z
https://dx.doi.org/10.1007/s00384-017-2863-z
https://dx.doi.org/10.1007/s00464-016-5169-2
https://dx.doi.org/10.1007/s00464-016-5169-2
https://dx.doi.org/10.1016/j.ijsu.2016.11.088
https://dx.doi.org/10.1016/j.ijsu.2016.11.088
https://dx.doi.org/10.1001/jamanetworkopen.2018.7673
https://dx.doi.org/10.1001/jamanetworkopen.2018.7673
https://dx.doi.org/10.1016/j.surg.2015.11.029
https://dx.doi.org/10.1016/j.surg.2015.11.029
https://dx.doi.org/10.1097/SLA.0000000000002114
https://dx.doi.org/10.1097/SLA.0000000000002114
https://dx.doi.org/10.1097/SLA.0000000000003919
https://dx.doi.org/10.1097/SLA.0000000000003919
https://dx.doi.org/10.1002/14651858.CD004080.pub4
https://dx.doi.org/10.1002/14651858.CD004080.pub4
https://dx.doi.org/10.1038/s41430-019-0474-1
https://dx.doi.org/10.1038/s41430-019-0474-1
https://dx.doi.org/10.1111/j.1464-410X.2007.07278.x
https://dx.doi.org/10.1111/j.1464-410X.2007.07278.x
https://dx.doi.org/10.1016/j.ijsu.2017.07.107
https://dx.doi.org/10.1016/j.ijsu.2017.07.107
https://dx.doi.org/10.1097/DCR.0000000000002650
https://dx.doi.org/10.1097/DCR.0000000000002650
https://dx.doi.org/10.1007/s11605-019-04507-3
https://dx.doi.org/10.1007/s11605-019-04507-3
https://dx.doi.org/10.1097/DCR.0000000000000449
https://dx.doi.org/10.1097/DCR.0000000000000449
https://dx.doi.org/10.5455/medarh.2015.69.357-361
https://dx.doi.org/10.5455/medarh.2015.69.357-361
https://dx.doi.org/10.1016/j.clnu.2019.06.003
https://dx.doi.org/10.1016/j.clnu.2019.06.003
https://dx.doi.org/10.1016/j.jviscsurg.2016.05.016
https://dx.doi.org/10.1016/j.jviscsurg.2016.05.016
https://dx.doi.org/10.1016/j.jsat.2015.01.011


10.1016/j.jsat.2015.01.011
110. Bin Abbas B, Al Fares A, Jabbari M, El Dali A, Al Orifi F: Effect of mobile phone short text messages on

glycemic control in type 2 diabetes. Int J Endocrinol Metab. 2015, 13:e18791. 10.5812/ijem.18791
111. Leconte D, Beloeil H, Dreano T, Ecoffey C: Post ambulatory discharge follow-up using automated text

messaging. J Med Syst. 2019, 43:217. 10.1007/s10916-019-1278-5
112. Danelich IM, Bergquist JR, Bergquist WJ, et al.: Early diuresis after colon and rectal surgery does not reduce

length of hospital stay: results of a randomized trial. Dis Colon Rectum. 2018, 61:1187-95.
10.1097/DCR.0000000000001183

113. Veldkamp R, Kuhry E, Hop WC, et al.: Laparoscopic surgery versus open surgery for colon cancer: short-term
outcomes of a randomised trial. Lancet Oncol. 2005, 6:477-84. 10.1016/S1470-2045(05)70221-7

114. Braga M, Frasson M, Zuliani W, Vignali A, Pecorelli N, Di Carlo V: Randomized clinical trial of laparoscopic
versus open left colonic resection. Br J Surg. 2010, 97:1180-6. 10.1002/bjs.7094

115. Yamamoto S, Inomata M, Katayama H, et al.: Short-term surgical outcomes from a randomized controlled
trial to evaluate laparoscopic and open D3 dissection for stage II/III colon cancer: Japan Clinical Oncology
Group Study JCOG 0404. Ann Surg. 2014, 260:23-30. 10.1097/SLA.0000000000000499

116. Weeks JC, Nelson H, Gelber S, Sargent D, Schroeder G: Short-term quality-of-life outcomes following
laparoscopic-assisted colectomy vs open colectomy for colon cancer: a randomized trial. JAMA. 2002,
287:321-8. 10.1001/jama.287.3.321

117. Vaid S, Tucker J, Bell T, Grim R, Ahuja V: Cost analysis of laparoscopic versus open colectomy in patients
with colon cancer: results from a large nationwide population database. Am Surg. 2012, 78:635-41.

118. Sheetz KH, Norton EC, Dimick JB, Regenbogen SE: Perioperative outcomes and trends in the use of robotic
colectomy for Medicare beneficiaries from 2010 through 2016. JAMA Surg. 2020, 155:41-9.
10.1001/jamasurg.2019.4083

119. Solaini L, Bazzocchi F, Cavaliere D, Avanzolini A, Cucchetti A, Ercolani G: Robotic versus laparoscopic right
colectomy: an updated systematic review and meta-analysis. Surg Endosc. 2018, 32:1104-10.
10.1007/s00464-017-5980-4

120. Roh HF, Nam SH, Kim JM: Robot-assisted laparoscopic surgery versus conventional laparoscopic surgery in
randomized controlled trials: a systematic review and meta-analysis. PLoS One. 2018, 13:e0191628.
10.1371/journal.pone.0191628

121. Huang YJ, Kang YN, Huang YM, Wu AT, Wang W, Wei PL: Effects of laparoscopic vs robotic-assisted
mesorectal excision for rectal cancer: an update systematic review and meta-analysis of randomized
controlled trials. Asian J Surg. 2019, 42:657-66. 10.1016/j.asjsur.2018.11.007

122. Giuliani G, Guerra F, Coletta D, et al.: Robotic versus conventional laparoscopic technique for the treatment
of left-sided colonic diverticular disease: a systematic review with meta-analysis. Int J Colorectal Dis. 2022,
37:101-9. 10.1007/s00384-021-04038-x

123. Vlug MS, Wind J, Hollmann MW, et al.: Laparoscopy in combination with fast track multimodal
management is the best perioperative strategy in patients undergoing colonic surgery: a randomized clinical
trial (LAFA-study). Ann Surg. 2011, 254:868-75. 10.1097/SLA.0b013e31821fd1ce

124. Fiore JF Jr, Bialocerkowski A, Browning L, Faragher IG, Denehy L: Criteria to determine readiness for
hospital discharge following colorectal surgery: an international consensus using the Delphi technique. Dis
Colon Rectum. 2012, 55:416-23. 10.1097/DCR.0b013e318244a8f2

125. Gash KJ, Greenslade GL, Dixon AR: Enhanced recovery after laparoscopic colorectal resection with primary
anastomosis: accelerated discharge is safe and does not give rise to increased readmission rates. Colorectal
Dis. 2012, 14:1287-90. 10.1111/j.1463-1318.2012.02969.x

126. Gignoux B, Pasquer A, Vulliez A, Lanz T: Outpatient colectomy within an enhanced recovery program . J Visc
Surg. 2015, 152:11-5. 10.1016/j.jviscsurg.2014.12.004

127. Bednarski BK, Nickerson TP, You YN, et al.: Randomized clinical trial of accelerated enhanced recovery after
minimally invasive colorectal cancer surgery (RecoverMI trial). Br J Surg. 2019, 106:1311-8.
10.1002/bjs.11223

128. Gignoux B, Gosgnach M, Lanz T, et al.: Short-term outcomes of ambulatory colectomy for 157 consecutive
patients. Ann Surg. 2019, 270:317-21. 10.1097/SLA.0000000000002800

129. McKenna NP, Bews KA, Shariq OA, Habermann EB, Behm KT, Kelley SR, Larson DW: Is same-day and next-
day discharge after laparoscopic colectomy reasonable in select patients?. Dis Colon Rectum. 2020, 63:1427-
35. 10.1097/DCR.0000000000001729

130. Pogatschnik C, Steiger E: Review of preoperative carbohydrate loading . Nutr Clin Pract. 2015, 30:660-4.
10.1177/0884533615594013

131. Whitworth JM, Schneider KE, Frederick PJ, et al.: Double prophylaxis for deep venous thrombosis in patients
with gynecologic oncology who are undergoing laparotomy: does preoperative anticoagulation matter?. Int J
Gynecol Cancer. 2011, 21:1131-4. 10.1097/IGC.0b013e31821dc9f0

132. Horlocker TT, Wedel DJ, Rowlingson JC, et al.: Regional anesthesia in the patient receiving antithrombotic
or thrombolytic therapy: American Society of Regional Anesthesia and Pain Medicine Evidence-Based
Guidelines (Third Edition). Reg Anesth Pain Med. 2010, 35:64-101. 10.1097/aap.0b013e3181c15c70

133. Gogarten W, Vandermeulen E, Van Aken H, Kozek S, Llau JV, Samama CM: Regional anaesthesia and
antithrombotic agents: recommendations of the European Society of Anaesthesiology. Eur J Anaesthesiol.
2010, 27:999-1015. 10.1097/EJA.0b013e32833f6f6f

134. Nelson G, Altman AD, Nick A, et al.: Guidelines for postoperative care in gynecologic/oncology surgery:
Enhanced Recovery After Surgery (ERAS®) Society recommendations--part II. Gynecol Oncol. 2016,
140:323-32. 10.1016/j.ygyno.2015.12.019

135. Adamina M, Kehlet H, Tomlinson GA, Senagore AJ, Delaney CP: Enhanced recovery pathways optimize
health outcomes and resource utilization: a meta-analysis of randomized controlled trials in colorectal
surgery. Surgery. 2011, 149:830-40. 10.1016/j.surg.2010.11.003

136. Mendivil AA, Busch JR, Richards DC, Vittori H, Goldstein BH: The impact of an Enhanced Recovery After
Surgery program on patients treated for gynecologic cancer in the community hospital setting. Int J Gynecol
Cancer. 2018, 28:581-5. 10.1097/IGC.0000000000001198

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 14 of 15

https://dx.doi.org/10.1016/j.jsat.2015.01.011
https://dx.doi.org/10.5812/ijem.18791
https://dx.doi.org/10.5812/ijem.18791
https://dx.doi.org/10.1007/s10916-019-1278-5
https://dx.doi.org/10.1007/s10916-019-1278-5
https://dx.doi.org/10.1097/DCR.0000000000001183
https://dx.doi.org/10.1097/DCR.0000000000001183
https://dx.doi.org/10.1016/S1470-2045(05)70221-7
https://dx.doi.org/10.1016/S1470-2045(05)70221-7
https://dx.doi.org/10.1002/bjs.7094
https://dx.doi.org/10.1002/bjs.7094
https://dx.doi.org/10.1097/SLA.0000000000000499
https://dx.doi.org/10.1097/SLA.0000000000000499
https://dx.doi.org/10.1001/jama.287.3.321
https://dx.doi.org/10.1001/jama.287.3.321
https://pubmed.ncbi.nlm.nih.gov/22643256/
https://dx.doi.org/10.1001/jamasurg.2019.4083
https://dx.doi.org/10.1001/jamasurg.2019.4083
https://dx.doi.org/10.1007/s00464-017-5980-4
https://dx.doi.org/10.1007/s00464-017-5980-4
https://dx.doi.org/10.1371/journal.pone.0191628
https://dx.doi.org/10.1371/journal.pone.0191628
https://dx.doi.org/10.1016/j.asjsur.2018.11.007
https://dx.doi.org/10.1016/j.asjsur.2018.11.007
https://dx.doi.org/10.1007/s00384-021-04038-x
https://dx.doi.org/10.1007/s00384-021-04038-x
https://dx.doi.org/10.1097/SLA.0b013e31821fd1ce
https://dx.doi.org/10.1097/SLA.0b013e31821fd1ce
https://dx.doi.org/10.1097/DCR.0b013e318244a8f2
https://dx.doi.org/10.1097/DCR.0b013e318244a8f2
https://dx.doi.org/10.1111/j.1463-1318.2012.02969.x
https://dx.doi.org/10.1111/j.1463-1318.2012.02969.x
https://dx.doi.org/10.1016/j.jviscsurg.2014.12.004
https://dx.doi.org/10.1016/j.jviscsurg.2014.12.004
https://dx.doi.org/10.1002/bjs.11223
https://dx.doi.org/10.1002/bjs.11223
https://dx.doi.org/10.1097/SLA.0000000000002800
https://dx.doi.org/10.1097/SLA.0000000000002800
https://dx.doi.org/10.1097/DCR.0000000000001729
https://dx.doi.org/10.1097/DCR.0000000000001729
https://dx.doi.org/10.1177/0884533615594013
https://dx.doi.org/10.1177/0884533615594013
https://dx.doi.org/10.1097/IGC.0b013e31821dc9f0
https://dx.doi.org/10.1097/IGC.0b013e31821dc9f0
https://dx.doi.org/10.1097/aap.0b013e3181c15c70
https://dx.doi.org/10.1097/aap.0b013e3181c15c70
https://dx.doi.org/10.1097/EJA.0b013e32833f6f6f
https://dx.doi.org/10.1097/EJA.0b013e32833f6f6f
https://dx.doi.org/10.1016/j.ygyno.2015.12.019
https://dx.doi.org/10.1016/j.ygyno.2015.12.019
https://dx.doi.org/10.1016/j.surg.2010.11.003
https://dx.doi.org/10.1016/j.surg.2010.11.003
https://dx.doi.org/10.1097/IGC.0000000000001198
https://dx.doi.org/10.1097/IGC.0000000000001198


137. Thanh NX, Chuck AW, Wasylak T, et al.: An economic evaluation of the Enhanced Recovery After Surgery
(ERAS) multisite implementation program for colorectal surgery in Alberta. Can J Surg. 2016, 59:415-21.
10.1503/cjs.006716

138. AlBalawi Z, Gramlich L, Nelson G, Senior P, Youngson E, McAlister FA: The impact of the implementation of
the Enhanced Recovery After Surgery (ERAS®) program in an entire health system: a natural experiment in
Alberta, Canada. World J Surg. 2018, 42:2691-700. 10.1007/s00268-018-4559-0

139. Toh JW, Cecire J, Hitos K, et al.: The impact of variations in care and complications within a colorectal
Enhanced Recovery After Surgery program on length of stay. Ann Coloproctol. 2022, 38:36-46.
10.3393/ac.2020.11.23

140. Koh W, Lee CS, Bae JH, Al-Sawat A, Lee IK, Jin HY: Clinical validation of implementing Enhanced Recovery
After Surgery protocol in elderly colorectal cancer patients. Ann Coloproctol. 2022, 38:47-52.
10.3393/ac.2021.00283.0040

141. Park IJ: Future direction of Enhanced Recovery After Surgery (ERAS) program in colorectal surgery . Ann
Coloproctol. 2022, 38:1-2. 10.3393/ac.2022.00094.0013

 

2024 Albalawi et al. Cureus 16(12): e76123. DOI 10.7759/cureus.76123 15 of 15

https://dx.doi.org/10.1503/cjs.006716
https://dx.doi.org/10.1503/cjs.006716
https://dx.doi.org/10.1007/s00268-018-4559-0
https://dx.doi.org/10.1007/s00268-018-4559-0
https://dx.doi.org/10.3393/ac.2020.11.23
https://dx.doi.org/10.3393/ac.2020.11.23
https://dx.doi.org/10.3393/ac.2021.00283.0040
https://dx.doi.org/10.3393/ac.2021.00283.0040
https://dx.doi.org/10.3393/ac.2022.00094.0013
https://dx.doi.org/10.3393/ac.2022.00094.0013

	Beyond the Operating Room: A Narrative Review of Enhanced Recovery Strategies in Colorectal Surgery
	Abstract
	Introduction And Background
	Review
	Methods
	ERAS protocols
	TABLE 1: Summary of the most important analgesic drugs' efficacy and safety.
	FIGURE 1: Summary of the steps of ERAS.

	New surgical techniques
	Discharge criteria
	Barriers to optimizing recovery
	Cost-effectiveness of the implementation of ERAS
	Future directions and innovations
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


