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Chapter

Enhanced Recovery after Surgery

Navin Kumar, Rohik Anjum, Dhivaj Mallik, Farhanul Huda,
Bibek Karki and Somprakas Basu

Abstract

Enhanced recovery after surgery (ERAS) protocols are specialized perioperative
care guidelines. The protocol was first published in 2005. Since then, it has been
associated with improved perioperative outcomes. This multimodal peri-operative
protocols standardize the perioperative care to minimize the surgical stress response
and post-operative pain, reduce complications, improve post-operative outcomes,
expedite recovery and decrease the length of hospital stay. It initially started with
colorectal surgery, but now it is used in hepatobiliary, upper gastrointestinal system,
urology, gynecology, vascular surgery, bariatric, and non-gastro intestinal specialties.
Its role is well established in elective surgery. Now there are enough evidence suggest-
ing its role in emergency surgeries as well. There are 24 elements of the ERAS bundle.
However, only some critical elements of the ERAS bundle are feasible to be used in
emergency surgery. Postoperative pain management is one of the significant elements
in the ERAS bundle. Multimodal analgesia is the optimal modality for pain control.

It facilitates early ambulation and rehabilitation. Current evidence recommends the
ERAS protocol. However, each item within the protocol constantly changes over time,
depending upon the evidence.

Keywords: ERAS, length of hospital stay, postoperative pain, perioperative care,
protocol, multimodal analgesia

1. Introduction

There are various challenges in the care of a patient in his surgical journey, which
starts from preadmission, preoperative, and intraoperative care till postoperative
recovery. Each unit has its focus, affecting the one to follow. The same surgery may
have different outcomes because the surgical outcome depends on the perioperative
management rather than the actual operation. Patients require hospital care after
major abdominal surgery because of the need for parenteral analgesia for persistent
pain and intravenous fluid because of bowel dysfunction and postoperative complica-
tions. The length of hospital stay may vary in different parts of the world because of
the variation in perioperative care. Henrik Kehlet showed that a patient could be dis-
charged in 2 days after the open sigmoid resections [1]. The length of stay after these
operations was ten days in most countries; thus, he pioneered fast-track surgery [2].

In earlier days, postoperative care was different among different centers because
of the lack of specific protocols for specific organ-based surgeries. It was decided
to promote the change in practice in the care of surgical patients. The Enhanced
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Recovery After Surgery (ERAS) study group was formed in 2001 in Europe to combat
this problem. Professor Ken Fearon, University of Edinburgh, UK, and Professor Olle
Ljungqvist, Karolinska Institute, Sweden, assembled in 2001 to develop ideas about
ERAS with the surgical department or Universities of three other northern European
Countries (Denmark, Norway, and The Netherlands) [3]. They found a discrepancy
between the actual practices and evidence-based best practices. Much published
evidence suggests that perioperative care differs in different parts of the world, and
there is a minimum adherence to evidence-based practice [4].

The aim of the ERAS study group (http://www.erassociety.org) was to find out
the ways for quality surgical recovery rather than speed. The study group met several
times to reach a consensus on a protocol to improve the quality of surgical recovery.
These were called ERAS protocols. These are procedure-specific guidelines. The
group focused on enhancing recovery and reducing complications by modifying the
metabolic response to surgical insult rather than limiting the length of stay. They
found that early mobilization and enteral nutrition are beneficial in the postoperative
period, leading to rapid hospital discharge [5]. The first guideline was published in
2005 for colorectal surgery [3]. In 2012 the guidelines were divided into colonic and
rectal surgery, but in 2018 these two surgical specialties guidelines were combined
[6-8]. The Dutch group led the implementation of the first guidelines and showed
improvements in recovery time [9]. They showed that the guidelines could be imple-
mented in a structured way. ERAS protocol, when implemented in a structured way,
showed a significant reduction in postoperative morbidity (48%) and length of hospi-
tal stay (2.5 days) in colorectal surgery when compared with traditional perioperative
care [10, 11]. The ERAS society was registered in Sweden in 2010 (www.erassociety.
org). This is an international non-profit medical academic society whose members are
from different professions involved in surgical care [5].

Current evidence recommends the ERAS protocol as a whole (all elements) and
not as a single element. However, each element within the protocol constantly changes
over time, depending upon the evidence. Now, these protocols have been adapted for
the upper gastrointestinal system, urology, gynecology, vascular surgery, hepato-pan-
creatico-biliary, esophageal, bariatric, and non-gastrointestinal specialties [12, 13].
The ERAS guideline has changed over the years since its inception. The first ERAS
guideline was based on expert opinion and literature review, but the recent guideline
is based on evidence-based grading.

2. Components of ERAS

There are 24 components of ERAS that are used by different surgical specialties of
the hospital for different patients (Table 1) [8].

2.1 Preadmission
2.1.1 Preadmission information, education, and counseling

It is recommended that proper preoperative counseling should be done as it not
only takes out the fear of surgery but also helps in pain control to a reasonable amount

which ultimately will lead to an early discharge for the patient [14-18]. Patient
education via leaflets, drawings, and multimedia (like various videos) of the surgical
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ERAS item
Preadmission information, education, and counseling

2 Preoperative optimization

3 Prehabilitation

4 Preoperative nutritional care

5 Management of anemia

6 Prevention of nausea and vomiting

7 Pre-anesthetic medication

8 Antimicrobial prophylaxis and skin preparation

9 Bowel preparation

10 Preoperative fluid and electrolyte therapy

11 Preoperative fasting and carbohydrate loading

12 Standard anesthetic protocol

13 Intraoperative fluid and electrolyte therapy

14 Preventing intraoperative hypothermia

15 Surgical access (open and minimally invasive surgery including laparoscopic, robotic, and
trans-anal approaches)

16 Drainage of peritoneal cavity and pelvis

17 Nasogastric intubation

18 Postoperative analgesia

19 thromboprophylaxis

20 Postoperative fluid and electrolyte therapy

21 Urinary drainage

22 Prevention of postoperative ileus

23 Postoperative glycaemic control

24 Postoperative nutritional care

Table 1.

ERAS guidelines 2018 for colorectal surgery (http://www.erassociety.org) [8].

procedures also improves pain and anxiety after surgery. Patients should always be
designated a particular role post-surgery, including proper nutrition and mobilization
[14, 19, 20]. The grade of recommendation is strong.

2.1.2 Preoperative optimization: (visk assessment, abstinence of smoking and alcohol)

Preoperative risk assessment of the patient should be done along with optimiza-
tion of heart, lung, and kidney diseases, diabetes, hypertension, anemia, malnutri-
tion, and cessation of excessive alcohol and smoking. Smokers have an increased
risk of intraoperative and postoperative complications [21]. Counseling and nicotine
replacement are very effective methods in preoperative smoking cessation [22]. At
least 4-8 weeks of abstinence is required to reduce respiratory and wound healing
complications [23, 24]. Alcohol abuse increases postoperative morbidity but not
mortality. At least four weeks of abstinence is required [25]. The grade of recommen-
dation for preoperative optimization is strong.
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2.1.3 Prehabilitation

Prehabilitation is the period between diagnosis and the beginning of acute treat-
ment. It is done to improve the physical and psychological health of the patient. Poor
preoperative physical health is a risk factor for postoperative complications. Its grade
of recommendation is weak.

2.1.4 Preoperative nutritional care

A preoperative nutritional assessment should be done to detect malnutrition. In
malnourished patients, enteral or additional parenteral nutrition should be added
7-10 days preoperatively. It reduces infectious complications and anastomotic leaks
[26]. Its grade of recommendation is strong.

2.1.5 Management of anemia

Anemia is the risk factor for morbidity and mortality, and blood transfusion also
increases complications. A 60-100 g/L of Hb should be maintained before surgery
[27]. Its grade of recommendation is strong.

2.2 Preoperative items
2.2.1 Postoperative nausea and vomiting

Postoperative nausea and vomiting (PONV) are important causes of patient dis-
satisfaction. PONV affects 30-50% of patients [28]. The etiology of PONV is mul-
tifactorial. Prophylactic treatment should be given to prevent postoperative nausea
and vomiting. There are several scoring systems for predicting a risk factor for PONV.
Koivuranta and Apfel’s scoring system is most commonly used [29-31]. A multimodal
approach should be considered to prevent PONV. Patients with 1-2 risk factors should
be given a two-drug combination as prophylactic antiemetics, whereas 2-3 antiemet-
ics should be given in patients with >2 risk factors. Its grade of recommendation is
strong.

2.2.2 Pre-anesthetic medication

A high level of anxiety occurs in the perioperative period, which increases the
analgesic requirements and postoperative complications. Anxiolytic should be given
to decrease the psychological stress, which subsequently decreases the perioperative
analgesic requirement [32]. Its grade of recommendation is strong.

2.2.3 Antimicrobial and skin preparation

Intravenous antibiotic prophylaxis should be given 60 minutes prior to the
incision. There is a reduction in surgical site infection (SSI) after oral and sys-
temic antibiotics, along with mechanical bowel preparation in colorectal surgery.
The SSI rate further decreases after skin decontamination with chlorhexidine.
Although preoperative hair removal does not decrease SSI incidence, it should
preferably be performed using clippers [33]. The grade of recommendation
is strong for intravenous antibiotic prophylaxis and skin decontamination by
chlorhexidine.
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2.2.4 Preoperative fluid and electrolyte therapy

Preoperative fluid and electrolyte deficits should be corrected before the patient
reaches the operating room. Its grade of recommendation is strong.

2.2.5 Preoperative fasting and carbohydrate loading

Old school thought of prolonged fasting before major surgeries are being taken out
of recommendations. Nowadays, light meals can be taken 6 hours prior to induction
while clear liquids, specifically carbohydrate drinks (a 12-ounce clear beverage or a 24-g
complex carbohydrate beverage), 2 hours prior to induction [34]. Evidence shows that
it decreases dehydration and hypotension intraoperatively and also decreases insulin
resistance, thus enhancing postoperative metabolism [35]. The grade of recommenda-
tion is strong.

2.3 Intraoperative components
2.3.1 Standard anesthetic protocol

Benzodiazepines should be avoided, and short-acting anesthetic agents should be
used. Propofol should be used for induction of anesthesia. It can be combined with
short-acting opioids such as fentanyl, alfentanil, sufentanil or remifentanil infusions.
This minimizes residual effects at the end of anesthesia. This will allow rapid reversal
[8]. Cerebral monitoring should be done to reduce the risk of delirium.

2.3.2 Intraoperative fluid and electrolyte therapy

Fluid management is crucial to maintaining intravascular volume, cardiac output,
and tissue perfusion. The main aim is to reduce the hydrostatic pressure in pulmonary
capillaries. Before ERAS, there was a restriction in fluid management where the rate
for maintenance fluid was 1-2 ml/kg/hr., with perioperative fluid being <1500 ml or
20 ml/kg/24 hrs. In ERAS protocol, it is always a goal-directed therapy (GTD) for
fluids, which reduces postoperative morbidity and decreases the length of stay in the
hospital. Now balanced crystalloids at a rate of 1-4 ml/kg/hour are the fluid of choice
over 0.9% normal saline (NS) but should be discontinued postoperatively. Again,
liberal fluid management can also harm the patient postoperatively by intestinal
edema and delayed return of bowel movements [36].

2.3.3 Preventing intraoperative hypothermia

Normothermia should be maintained throughout the surgery. This can be done by
warming and humidifying anesthetic gases and warming intravenous and irrigation

fluids.
2.3.4 Drainage of the peritoneal cavity and pelvis

Many published studies do not support the use of the intraperitoneal drain. It has
no effect on clinical outcomes and should not be used routinely. The grade of recom-

mendation is strong.
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2.4 Postoperative items
2.4.1 Nasogastric intubation

Its aim was to reduce postoperative gastric distension and vomiting. A Cochrane
meta-analysis does not support it. It should be used sparingly. If inserted intraopera-
tively, it should be removed before anesthesia reversal [37, 38].

2.4.2 Anesthesia and pain relief

In line with ERAS protocol, pain relief is a multimodal approach that uses regional
anesthesia. It avoids the use of opioids. Relief from postoperative pain decreases
immediate risks of hypoxemia, hypercarbia, increased myocardial work, arrhyth-
mias, and ischemia. Therefore, enhanced recovery pathways must combine multi-
modal enteral and parenteral analgesia with regional analgesia or local anesthetic
techniques. It should also be kept in mind that the impact of an anesthetic agent
on organ function should be minimum. Depth of anesthesia should be appropriate
to avoid an overdose. It is better to use short-acting agents than total intravenous
anesthesia.

Postoperative pain is one of the most important reasons for immobilization,
delayed oral intake, and prolonged hospital stay. Therefore, to avoid these, the
protective role of epidural analgesia has become an essential element in ERAS
protocol. It mainly reduces stress hormones secretion and insulin resistance.
Usually, an epidural catheter is inserted just before the induction or during
surgery; either a continuous infusion (4-10 ml/hr) or intermittent top-up of a
local anesthetic agent (bupivacaine 0.1%) can be given along with a low dose of
opioid (to avoid opioid related systemic side effects) via the epidural catheter.
Usually, the catheter is kept for two days. No other mode of analgesia is required
during this duration, and using another analgesic during those two days is not
recommended.

Apart from this, there are other modalities for pain relief, such as paravertebral
block, serratus anterior plane block, rectus abdominis block, and transversus
abdominis block. However, all these are less proven for pain relief than epidural
analgesia [39].

The surgical aspect of ERAS in pain relief is equally important for a better postop-
erative recovery. Prolonged and open surgeries hamper postoperative mobilization,
pain control, and oral intake and even increase the length of hospital stay. Thus,
minimally invasive approaches are recommended for their effectiveness in reducing
postoperative complications, including hospital stays. It is seen that less tissue han-
dling during surgery improves postoperative recovery [40].

Apart from epidural analgesia, enteral analgesics are also recommended to reduce
pain, postoperative nausea, vomiting, and the start of oral feeds. Enteral analgesics
that can be used are acetaminophen (most commonly) and NSAIDs (avoided in
renal failure, Diabetic patients, and old age patients) [35]. For the facilitation of pain
management protocol in ERAS, a PROSPECT (PROcedure-SPEcific Postoperative
Pain Management) working group was constituted. This collaboration provides
evidence-based, procedure-specific pain management recommendations (www.
postoppain.org) [41, 42]. This approach improved compliance with pain management
recommendations in an ERAS bundle.
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2.4.3 Thromboprophylaxis

Mechanical thromboprophylaxis and compression stockings or intermittent
pneumatic compression should be advised to all high-risk surgical patients undergo-
ing major surgery (malignancy, hypercoagulable state, steroid use, advanced age,
and obesity) [43-45]. Mechanical thromboprophylaxis should be continued until
discharge.

2.4.4 Postoperative fluid and electrolyte therapy

ERAS states that it should be neither restrictive nor liberal in giving fluid therapy
both intraoperatively and postoperatively. Maintenance fluid should always be given
according to the body weight, with supplementing electrolytes over 24 hrs. Too much
fluid might lead to intestinal edema, resulting in decreased bowel movement and
delayed oral intake. Thus increasing postoperative complications and increased length
of hospital stay [46]. The patient should be encouraged to oral liquids when they are
awake.

2.4.5 Urinary drainage

Urinary catheterization can cause urinary tract infection (UTI), which is directly
related to the duration of catheterization. So, the duration of catheterization should
be individualized based on the risk factor of urinary retention (male gender, epidural
anesthesia, pelvic surgery). In low-risk cases catheter should be removed on the first
day of surgery, whereas in high risk, it should be kept for up to 3 days.

2.4.6 Prevention of postoperative ileus

It is a significant cause of postoperative discomfort and length of hospital stay. The
ERAS items, like limiting the use of opioids and encouraging the use of multimodal
analgesia, minimally invasive surgery, avoiding routine nasogastric tube insertion,
and maintaining goal-directed fluid therapy, can limit the postoperative ileus [6].

2.4.7 Postoperative glycaemic control

The physiological response to surgical injury is insulin resistance which can
persist for several weeks after elective surgery [47]. Hyperglycaemia is a risk factor
for surgery. This can be prevented in the ERAS pathway by giving preoperative oral
carbohydrate loading, laparoscopic surgery, and epidural analgesia.

2.4.8 Postoperative nutritional care

Early oral feeds are another essential element in ERAS protocol that reduces post-
operative complications (postoperative ileus) and length of hospital stay. It also helps
reduce any in-hospital infection. Studies have shown that there is no advantage in
keeping nil by mouth for patients undergoing major surgeries, which instead hampers
fast recovery. However, patients with early oral feeds are also at risk of nausea and
vomiting. To prevent this, a targeted strategy should be planned. Use of anti-emetic
drugs to be adopted and emetogenic drugs (opioids) should be avoided [48].
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2.4.9 Early mobilization

Postoperatively patient has to mobilize as early as possible to avoid pulmonary
complications, reduced muscle strength, risk of thromboembolism, insulin resis-
tance, delayed bowel movements, and prolonged hospital stay [19].

3. ERAS in emergency surgery

This has been proven that ERAS has a defined role in elective surgery [49].
However, the effectiveness of these protocols in emergency abdominal surgeries has
been nominally studied. The protocols that have been clearly defined for elective sur-
geries were not fully applicable in emergency surgeries, and there would be difficulty
in compliance with the set protocols. However, some elements of the ERAS bundle
can be included in emergency surgeries. The recent evidence showed a reduced
length of stay and postoperative complications on implementing even tailored ERAS
protocols in emergency abdominal surgeries [50]. Tailoring of the ERAS protocol can
be done to include only critical items which can facilitate program implementation
in emergency surgery. This has shown better outcomes and a reduction in the cost of
care in emergency surgery. Recent studies have shown that 70% of the ERAS bundle is
required to get the beneficial effects [51-53].

4. Impact of ERAS

ERAS is described as an intention to treat analysis. The compliance rate of ERAS
may vary which depends on different surgical approaches and diseases. Minimally
invasive surgery with minimal tubes and drains is considered a standard of care.

Postoperative pain management is one of the major elements in the ERAS bundle.
It facilitates early ambulation and rehabilitation, ultimately reducing length of
hospital stay [41, 54]. Inadequate postoperative pain relief may lead to chronic pain
development and ultimately increase the readmission rate [54, 55]. The ERAS pro-
tocols reduce the length of hospital stay (3-5 days) as well as a significant reduction
in overall morbidity (Relative Risk of 0.6,95% CI 0.46-0.76), without any higher
readmission rate [56]. In addition to reduced length of hospital stay and morbidity,
there is enhanced recovery, including reduced duration of ileus, preservation of lean
body mass, and a more active lifestyle [57].

5. Conclusion

Enhanced recovery after surgery (ERAS) are specially designed multimodal
perioperative care pathways for a speedy recovery. ERAS pathways are the standard
of care, but their widespread dissemination is still challenging. Some elements of
the ERAS bundle, like minimally invasive surgery and limiting tubes and drains, are
standard of care and are being followed in most of the centers. However, the other
elements of the ERAS bundle, like preoperative carbohydrate loading and postopera-
tive early ambulation, still need to be implemented in routine clinical practice. There
is considerable difficulty in adherence to the complete ERAS bundle. Postoperative
pain management is one of the major elements in the ERAS bundle. Multimodal
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analgesia is the optimal modality for pain control. It facilitates early ambulation

and rehabilitation. It also decreases the duration of ileus and morbidity, ultimately
reducing the hospital stay and readmission rate. Current evidence recommends ERAS
protocol as a whole and not as a few elements within it. However, each item within the
protocol constantly changes over time, depending upon the evidence.
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