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Abstract

Opver the last decades, surgical complication rates have fallen drastically.
With the introduction of new surgical techniques coupled with specific
evidence-based perioperative care protocols, patients today run half the risk
of complications compared with traditional care. Many patients who in pre-
vious years needed weeks of hospital care now recover and can leave in days.
These remarkable improvements are achieved by using nutritional stress-
reducing care elements for the surgical patient that reduce metabolic stress
and allow for the return of gut function. This new approach to nutritional
care and how it is delivered as an integral part of enhancing recovery after
surgery are outlined in this review. We also summarize the new and increased
understanding of the effects of the routes of delivering nutrition and the role
of the gut, as well as the current recommendations for artificial nutritional
support.
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1. INTRODUCTION

Providing nutritional care to the surgical patient has traditionally had specific challenges. Surgery
and injuries cause major stress reactions with insulin resistance and marked inflammatory re-
sponses. In addition, traditional pain management with opioids and intravenous (IV) fluids, which
are often given in large volumes, causes postoperative ileus. However, over the last two decades,
new research has drastically changed the care of surgical patients. This has had a major impact on
patient stress reactions to surgery and on the possibility to use the gastrointestinal (GI) tract and
normal food. Enhanced Recovery After Surgery (ERAS) protocols recommend evidence-based
perioperative care that has two distinct effects on nutritional care: Insulin resistance is minimized,
and the return of gut function is much faster. ERAS programs are complemented by prehabilita-
tion programs that aim to make the patient as fit as possible for the surgery. During prehabilitation,
the patient develops improved resilience to the stress of surgery. By combining these novel de-
velopments, most of the previous challenges in delivering nutritional care to surgical patients are
minimized. An abundance of literature has reported that because of these programs, outcomes are
vastly improved with fewer complications and a shorter length of hospital care after surgery. At
the core of these improvements is the management of metabolism and nutrition. Still, despite these
improvements, a poor nutritional status remains a highly relevant risk for patients that should not
be neglected. In this review, we present an update on the management of nutrition for the surgical
patient in the era of ERAS and prehabilitation.

2. IDENTIFYING NUTRITION RISK BEFORE SURGERY

A poor nutritional status represents a well-recognized risk for complications in major surgery.
Malnutrition before oncologic and nononcologic major surgery is frequent, and it can be due to
several reasons (136). GI abnormalities (e.g., malabsorption of nutrients and mechanical obstruc-
tion), treatment-related side effects (e.g., neoadjuvant therapy and steroids), and patient-related
factors (e.g., comorbidities, socioeconomic status, and anorexia) contribute to impair the preop-
erative nutritional status of surgical patients (54). Moreover, preoperative malnutrition frequently
occurs with other morbid conditions such as impaired functional capacity, frailty, and sarcopenia
(10, 87), and it is associated with poor mental health (53). A recent meta-analysis including 18,039
medical and surgical patients demonstrated that among those who were malnourished, 49.7 % were
also sarcopenic and 41.6% were prefrail (47). Notably, the odds of being sarcopenic or prefrail
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Table 1 Critical nutritional and nonnutritional parameters implicated in increasing the risk of complications after

major abdominal surgery

Nutritional parameters Body mass index (both low and high)
Unintentional body weight loss

Low muscle mass and reduced muscle function (sarcopenia)
Visceral obesity

Sarcopenic obesity

Reduced food intake

Nonnutritional parameters Malignancy

Age (>70 years)

Sex (male)

Ethnicity (non-Caucasian)

Decompensated diabetes

Chronic organ dysfunction (heart, lung, kidney, liver, pancreas, intestine, blood, etc.)
Charlson Comorbidity Index
Drug/alcohol dependency

Chronic corticosteroid use

American Society of Anesthesiologists physical status classification
Bleeding disorders

Active smoking
Frailty
Intraoperative blood loss

Perioperative blood transfusion
Duration and complexity of surgery
Emergency operations

Intravenous fluid overload

Surgical field contamination

Open surgery

Persistent postoperative hyperglycemia (>180 mg/dl or 10 mmol/L)
Low phase angle at bioimpedance analysis

Albumin (<30 g/L)

among malnourished surgical patients was 16 and 4 times higher than among nonmalnourished
surgical patients, respectively.

However, a deranged nutritional status is only one element in the assessment of the risk of a
complicated postoperative course. Surgery is a treatment that causes an injury to the body that
results in specific stress responses, which are outlined in Section 4. These reactions put pressure
on vulnerable organs and systems in the body. Several reactions to surgical stress can be modified,
and many nonnutritionally related risk factors may contribute to postoperative morbidity. Table 1
summarizes the critical variables for evaluating the nutritional and nonnutritional risks of having
complications after major abdominal surgery. This broader spectrum of risk factors should also
be kept in mind when the current recommendations for the management of nutritional risk are
discussed.

It is important to identify modifiable risk factors as early as possible to enhance the chances
of an uneventful postoperative course, both in the early and late postoperative periods, and of a
high quality of life (61, 136). A poor nutritional status is a modifiable factor that increases the risk
of postoperative complications and a prolonged hospital stay (19, 74, 136). This metabolic risk
may not always be clinically apparent and is often likely to be underestimated in a society where
obesity is prevalent.
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Therefore, standardized screening for malnutrition should be mandatory for all major surg-
eries and, if indicated, followed by full nutritional assessment. A well-validated tool for surgical
patients is Nutrition Risk Screening (NRS-2002) (78). A NRS > 3 indicates a risk for malnutri-
tion. Parameters of the NRS are body mass index (BMI), unintended weight loss, reduced food
intake, and severity of disease.

Malnutrition is often accompanied by sarcopenia. While sarcopenia is a decrease in muscle
mass and function, malnutrition is characterized by a decrease of body cell mass. Especially in
geriatric patients, sarcopenia may occur without malnutrition (143). This sarcopenic obesity is a
special risk factor, since an increased amount of fat may hide an undetected decrease in muscle mass
(5,8,57). The diagnosis of sarcopenic obesity requires altered skeletal muscle function parameters
and altered body composition with increased fat mass plus reduced muscle mass. A staging for
the severity of sarcopenia has related it to the presence of complications (30, 135). In esophageal
cancer, sarcopenia is associated with more overall complications, major complications, and delayed
hospital discharge (67, 135). In gastric cancer patients, preoperative sarcopenia has been shown
to be associated with reduced overall survival (81). Preoperative poor muscle function along with
impaired nutritional status has a negative impact on postoperative mobilization and pulmonary
function.

For these reasons, muscle mass measurement has been incorporated into a consensus through
the Global Leadership Initiative on Malnutrition (GLIM) criteria for malnutrition. The GLIM
criteria have been endorsed by the major medical nutritional societies and adopted worldwide (21).
A two-stage procedure is recommended, starting with one of the usual screenings, such as the NRS.
One phenotypic and one etiological criterion must be fulfilled for the diagnosis of malnutrition.
Phenotypic criteria are involuntary loss of body weight, diminished BMI, and low muscle mass.
Etiological criteria are low food intake or absorption and the disease burden/inflammation (6,
21). Malnutrition, according to GLIM criteria, was associated with postoperative complications
in patients with abdominal resections in a Norwegian registry study (126). In several studies, the
prevalence of malnutrition was higher when using GLIM criteria than when previous definitions
were used (27).

In line with the GLIM criteria, the use of computed tomography (CT) scans for body compo-
sition analysis and muscle mass can be recommended (57, 65, 116, 140). Alternatively, bioelectrical
impedance analysis may be used (35). Measurement of muscle function such as hand grip strength
has not been widely implemented in clinical routines but can be performed very easily.

When scanning is performed for diagnostic reasons in patients with cancer, CT-based mea-
surement of body composition has been introduced for the assessment of muscle mass and the
calculation of the skeletal muscle index (SMI). Impaired radiodensity is considered a parameter of
muscle quality. In the axial scan at lumbar level 3, skeletal muscle area and density can be calculated
(55). A new risk classification according to BMI and SMI has been recently proposed: Patients with
high SMI, excluding those with BMI > 35 kg/m?, are considered low-risk, and those with low SMI
and/or BMI > 35 kg/m? are considered high-risk (94). In numerous studies, CT-derived reduced
muscle mass (i.e., sarcopenia) has shown prognostic impact (67, 97, 98). Using CT-determined re-
duced muscle mass, the GLIM criteria have been reported to be correlated with surgical outcomes
in patients undergoing major abdominal surgery (20).

If body composition analysis from computerized tomography is not available, the ESPEN
surgery guideline provides a definition of high metabolic risk if one of the following criteria is
fulfilled: weight loss > 10-15% in six months, BMI < 18.5kg/m?, NRS > 5, and preoperative al-
bumin level < 30 g/L without coexisting liver or kidney failure (136). Serum albumin is no longer
considered a parameter reflecting nutritional status per se but has been shown to have prognostic
value when evaluating the risk for postoperative complications (34, 139).
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The current ESPEN guidelines (137) provide a good clinical practice recommendation for
nutrition therapy without delay (#) in patients with malnutrition and those at a nutritional risk,
() in patients anticipated to be unable to eat for more than 5 days postoperatively, and (¢) in
patients anticipated to have low oral intake who cannot maintain more than 50% of the
recommended intake for more than 7 days.

In cancer patients undergoing neoadjuvant treatment before major abdominal surgery, nu-
tritional support is recommended to prevent weight loss and deterioration of the nutritional
status.

3. PREOPERATIVE NUTRITIONAL SUPPORT IN THE CONTEXT
OF PREHABILITATION

Prehabilitation aims at improving the patient’s resilience to withstand surgical stress. It represents
a multimodal preoperative treatment where patients are prepared to better withstand surgical
stress with specific nutritional, exercise, and psychological interventions with the overarching aim
of recovering better after surgery. More specifically, preoperative nutritional support in the context
of prehabilitation has several goals: (#) to correct malnutrition when present, (b) to support protein
anabolism to better withstand the catabolic response of surgery, (¢) to support the energetic cost of
prehabilitation exercise interventions, and (d) to increase the anabolic effect of resistance exercise.

As outlined above, it is now well recognized that preoperative malnutrition leads to adverse
outcomes and increases health-care resources and costs (139). Furthermore, poor preoperative
nutritional status can negatively influence the response to prehabilitation (49, 50). In fact, severely
malnourished patients did not respond to a 4-week prehabilitation program as they were not able
to significantly improve their functional capacity (measured as a 6-min walking distance change).
Fortunately, if identified in time, malnutrition can frequently be corrected before surgery and post-
operative outcomes can be improved (17, 147) by identifying barriers to food intake and acting to
ensure patients receive the recommended caloric (around 25 kcal/kg/day) and protein (around
1.5 g/kg/day) intake. This is preferably achieved through balanced meals and oral nutritional
supplements (ONSs) and, in selected cases, through enteral feeding (136) or even by parenteral
nutrition (see Section 9).

Support of protein anabolism in preparation for surgery is another important goal of prehabil-
itation. A catabolic state with high protein turnover, with or without the requirement of specific
amino acids, is frequently observed preoperatively accompanying severe illness, inflammation, and
oncologic disease and independently from the presence of malnutrition (54). This metabolic state
is inevitably aggravated by the catabolic response induced by surgical stress, leading to insulin re-
sistance and loss of muscle mass (48). Clinically, this is manifested by fatigue and loss of function
and strength that, even in healthy patients or in the absence of postoperative complications, can re-
quire several weeks to return to preoperative states (37, 48). Therefore, implementing preemptive
nutritional anabolic strategies that can attenuate surgical catabolism, in malnourished as well as in
nonmalnourished patients, has shown to facilitate surgical recovery (48, 51). In a pooled analysis
of two randomized controlled trials, trimodal prehabilitation and trimodal postoperative rehabil-
itation in colorectal surgical patients (both programs including aerobic and resistance exercise,
nutritional optimization, and 20 g of whey proteins) were compared. Prehabilitation attenuated
the loss of lean body mass compared to that observed in patients treated with a rehabilitation
intervention (51). This benefit might be particularly valuable for patients whose reserve is al-
ready reduced, such as frail and sarcopenic patients (112), or in those experiencing a significant
loss of muscle mass with neoadjuvant therapy (28, 69). In elderly patients or those with malig-
nant disease, anabolic resistance might prevent an anabolic state before surgery (33, 103). Still the

www.annualreviews.org o Contemporary Perioperative Nutritional Care

235



236

metabolic benefits of prehabilitation interventions can appear in the postoperative period, even if
not manifested preoperatively (51).

Owing to the increased energetic cost of exercise, and the high prevalence of malnutrition in
the surgical population, ensuring adequate nutritional support during the entire prehabilitation
period is essential. It may be speculated that energy and protein intake should be higher during
prehabilitation than that recommended by the current guidelines to better sustain exercise inter-
ventions. Particular attention should be paid to severely malnourished patients who might not
respond to prehabilitation (49, 50) or even deteriorate if they do not have sufficient energetic
reserves to sustain exercise. By contrast, moderately malnourished patients have been shown to
respond to prehabilitation even better than nonmalnourished patients (49). These findings sug-
gest that nutritional interventions should be combined with exercise training (131), as studies have
shown that preoperative exercise alone fails to improve the functional capacity of colorectal surgi-
cal patients (20). In fact, a subsequent study demonstrated that a 4-week trimodal prehabilitation
program including exercise and nutritional and psychological interventions improved the preop-
erative functional capacity (with a mean 6-min walking distance change of 40 & 40 m) of colorectal
patients (85). Further support for the important role of nutrition in the context of a multimodal
prehabilitation program is provided by the results of a meta-analysis evaluating the efficacy of nu-
tritional prehabilitation interventions with and without exercise in patients undergoing colorectal
surgery (47). It was shown that both strategies were effective in reducing length of hospital stay
by about 2 days (47).

Finally, nutritional support during prehabilitation aims at enhancing the anabolic effect of re-
sistance exercise, as it exerts an independent and additive effect on muscle protein synthesis (61,
94). To obtain this goal, it is necessary to achieve a positive protein balance, with protein synthesis
(favored by dietary protein consumption, protein ingestions, and resistance exercise) exceeding
protein breakdown (induced by fasting states, concomitant disease, treatments, or resistance ex-
ercise) (54, 110). This is possible by spreading protein intake equally across all meals and after
exercise (i.e., the equal distribution hypothesis). Maximal muscle protein synthesis plateaus with
the ingestion of 20-35 g of protein (i.e., the muscle full effect). However, more than 35 g of protein
per meal might be required to also sustain nonmuscle protein synthesis (i.e., whole-body protein).
In addition, supplementation with a high dose of omega-3 fatty acids (2.0-2.2 g/day) and vitamin D
might further potentiate the anabolic response of patients with reduced muscle mass (113). Whey
proteins, which are rapidly digestible, are particularly advantageous to stimulate protein synthesis
after resistance exercise (111); a clinically meaningful improvement of functional capacity before
colorectal surgery has been observed after their administration (52).

While there is ample evidence demonstrating that prehabilitation improves preoperative func-
tional capacity and optimizes functional recovery, some recent studies have also shown better
postoperative outcomes, such as fewer complications (7, 8). A very recent multicenter randomized
clinical trial (RCT; the PREHAB trial) conducted in colorectal cancer patients waiting for surgery,
which compared multimodal prehabilitation (including nutritional intervention) with standard
preoperative care, reported less severe and fewer medical postoperative complications in patients
treated with prehabilitation. A better postoperative functional recovery was also observed (101).

4. THE STRESS RESPONSE TO SURGERY

Any injury to the body causes a series of reactions locally and systemically. In particular, the sys-
temic reactions caused by an injury of any magnitude, such as in hospital surgeries, have profound
effects on body metabolism (120). This in turn affects many key bodily functions: It sets off heal-
ing processes but also reactions that influence many other functions in the body that will interfere
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The stress reactions to surgical injury. Tissue damage induced by major surgical operations sets off several neural and humoral
impulses, including cytokines that are initiated at the site of injury to activate the hypothalamic—pituitary—adrenal axis. This elicits an
almost immediate response in catecholamines, shortly followed by releases of cortisol and glucagon. This cascade of stress hormone
release causes a drastic and rapid change in body metabolism. Energy reserves are mobilized, and the entire body is set to a state of
catabolism. Because of the overwhelming release of stress hormones, insulin actions are overruled, and a state of insulin resistance is
instituted. Clinically, this is often recorded as the development of hyperglycemia that is associated with proteolysis and lipolysis to
supply the liver with substrates for gluconeogenesis as well as amino acids as building blocks for acute phase proteins. Figure
reproduced with permission from Reference 48.

with recovery. Here, we provide a broad description of these reactions followed by an overview of
how modern surgical practice protocols can modify these reactions for the benefit of the patient.

As shown in Figure 1, the injury induced by a surgical operation sets off immediate neural
and humoral impulses, including cytokines that are initiated at the site of injury to activate the
hypothalamic—pituitary—adrenal axis. This elicits an almost immediate response in catecholamines,
shortly followed by releases of cortisol and glucagon. This cascade of stress hormone release very
quickly causes changes in body metabolism. Energy reserves are mobilized, and the entire body
enters a state of catabolism. Because of the overwhelming release of stress hormones, a state of
insulin resistance is instituted. As a result, hyperglycemia develops alongside proteolysis and lipol-
ysis to supply the liver with substrates for gluconeogenesis as well as amino acids as building blocks
for acute phase proteins.

There is growing evidence that hyperglycemia following surgery is harmful. Postoperative
elevations of glucose have been associated with higher mortality, need for a longer stay, more
infections, and other complications. Because of the shift in endocrine milieu to catabolism after
surgery, glucose metabolism is drastically changed. In the nonstressed state when hyperglycemia
develops after a meal, insulin elevations activate GLUT4 transporters in primarily muscle to store
the glucose in muscle glycogen. This keeps glucose levels in control. Very quickly during surgery,
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this pathway is blocked, and at the same time gluconeogenesis in the liver is activated to produce
more glucose to cause a rise in glucose levels that persists for days. In this situation, cells that are
not sensitive to insulin, including blood cells and those in the endothelium and the brain, start
to take up much more glucose. These cells take up glucose, depending on the prevailing level of
glycemia, using other types of transporters of glucose (GLUT1). When the normal pathway for
glucose storage is not functioning, these cells have no protection against increased glucose influx
and are overwhelmed by it. This renders them dysfunctional, and they start to produce excess
superoxide radicals that eventually cause apoptosis.

Protein metabolism is also changed after surgery. Muscle proteins are mobilized to provide
amino acids for gluconeogenesis and as building blocks for protein synthesis in the liver and at
the site of the injury for healing. Whole-body protein breakdown and amino acid oxidation are
increased. A normal person undergoing surgery has been estimated to lose between 1.2 and 2.4 kg
of wet muscle. In the case of septic complications, daily losses may amount to as much as 800 g
of muscle mass. This loss of muscle mass in combination with the loss of energy sources from
glycogen has a major impact on muscle function, hampers mobilization, and affects breathing ca-
pacity. Ifimmobilization is added, there will be further muscle atrophy. While these effects apply to
everyone, in the elderly and patients with malnutrition, they present an especially significant risk.

5. ERAS PROTOCOLS MODIFY STRESS RESPONSES

ERAS was initiated by a small group of surgeons in northern Europe in 2001 (91). The work
with ERAS was inspired by the multimodal approach to recovery presented by Henrik Kehlet
(72) and shown to be very effective. The hypothesis studied by the ERAS group tested whether
building care protocols based on all elements of care throughout the perioperative period that
were reported to enhance the recovery of patients undergoing major operations could improve
outcomes (120). After reviewing the literature, the group created a perioperative guide to the
care of the patient undergoing colonic resections (36) that proved to be highly effective (59).
Today ERAS is one of the most important developments in surgery (91). Multiple studies in just
about all types of surgeries have shown that adhering to the ERAS protocol has major effects on
outcomes (60). Early reports by Kehlet (72) showed substantial reductions in length of stay (LOS).
Later, ERAS reported up to 40% to 50% reductions in complications (56, 133) and, more recently,
associations with long-term survival after cancer surgery (60, 108). Reductions in bed days and
complications have yielded major savings for health-care providers and society in general (130).

Because ERAS involves all aspects of care and the entire care pathway, it also cuts across the
traditional boundaries of specialties and professions (120). ERAS is built on a group concept of
multidisciplinary and multiprofessional collaboration, from the very start of the formation of the
guidelines to the implementation and operation of care on the hospital floor. Surgical specialists,
anesthesiologists, intensivists, nurses, nutritionists, and physiotherapists all come together as the
clinical team to run ERAS. It is also important to involve decision-makers and managers in the
process.

It is essential that all the care elements of ERAS are integrated, as shown in Figure 2. It is by
working together and seeing the entire pathway that each individual caregiver can reach a better
understanding of her/his specific role in the bigger picture. A key to keeping track of the care
delivered is to have the entire local ERAS team audit both processes and outcomes continuously
because it is impossible to implement and follow an ERAS protocol unless the practice is known
in detail at all times (89, 120). Making shortcomings in care obvious to the care team is often the
best trigger to institute change and reach major improvements fast.

ERAS has been adopted and endorsed by many organizations around the world. Still, national
outcomes data (where available) indicate that the true practice of ERAS is still not widespread in
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The integrated care pathway of an ERAS protocol. By working together and seeing the entire pathway, each individual caregiver can
reach a better understanding of her/his specific roles in the bigger picture. A key to keeping track of the care delivered is to have the
entire local ERAS team audit both processes and outcomes continuously. This is important since it is impossible to implement and
follow an ERAS protocol unless the practice is consistently known in detail. Abbreviations: ERAS, Enhanced Recovery After Surgery;
IV, intravenous; NPO, nil per os (nothing by mouth); PONV, postoperative nausea and vomiting. Figure adapted with permission from
Olle Ljungqvist.

most countries, and the delivery of care is extremely variable and far from evidence based (90).
As can be seen in Table 2, the care to be delivered in ERAS consists of simple care elements that
are not hard to implement. Many of them have a direct impact by dampening stress reactions and
maintaining normal homeostasis to support the return of normal functions.

Several of the elements of care have direct relevance to nutrition and metabolism, which play
important roles for the effectiveness of ERAS. The specific roles of nutritional care per se are
discussed in Section 6. Here, we discuss the role of some key elements that allow the best possible
circumstances for nutritional care to reach its aims. In Table 1, all basic elements of ERAS are
listed, and many of them have effects on metabolism and nutritional care.

Several elements of care contribute to and interact with two sought-after outcomes: One is to
have normal gut function return as fast as possible, allowing the patient to drink, eat, and move
bowels. This avoids some of the most common problems after surgery: postoperative nausea and
vomiting and ileus. These complicating factors are often the effects of care delivered in more tra-
ditional settings and thus are effectively reduced by the employment of ERAS elements. The other
important aspect for recovery is to ensure that the nutrition received by the patient is managed
appropriately. For this to happen, insulin resistance must be minimized. Many of the treatments
in the ERAS protocol have several effects and can act positively for both of the above objectives.

In the preoperative phase, avoiding fasting and giving a preoperative carbohydrate drink specif-
ically designed for the occasion have several effects. Preoperative thirst, hunger, and anxiety
are improved; less IV fluid is needed during surgery; and glucose levels are much better main-
tained both during and after surgery because of improved insulin sensitivity and reduced insulin
resistance. The latter also improves whole-body protein balance (107).

The use of mid-thoracic epidural analgesia is an effective way to block the release of both
catecholamines and cortisol (142). Epidurals also affect gut motility by supporting the vagal nerves
and blocking the sympathetic nerves, and they give very effective basic pain relief. This helps
minimize the use of opioids both during and after surgery. Opioids have several disadvantageous
effects on nutritional care. They are a main cause of postoperative nausea and vomiting (100),
they slow down gut motility, and they cause dizziness that hampers mobilization. In addition, the
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Table 2 Basic care elements of ERAS and their role in management of nutritional care (based on the colorectal
guidelines from the ERAS Society)

Timing Basic care elements of ERAS Aim(s) related to nutrition
Preadmission items Preadmission information and counseling Patient involvement
Preoperative medical optimization NA
Prehabilitation Nutrition and exercise
Preoperative nutritional screening and care as Nutrition for at-risk patients
needed
Anemia screening and treatment as needed NA
Preoperative items Prevention of PONV Supporting oral intake
Avoidance of long-acting sedatives Reducing PONV
Antimicrobial prophylaxis (IV) and skin preparation | NA
Avoidance of oral bowel preparation in colonic Avoiding dehydration
surgery
Preoperative carbohydrate loading Reducing insulin resistance
Intraoperative items Standard anesthetic protocol Pain management
Balanced fluid and electrolyte therapy Keeping euvolemia and supporting GI function
Minimally invasive surgery Reducing pain and ileus
Avoidance of surgical site drains NA
Maintaining temperature control Avoiding protein losses
Postoperative items Avoidance of nasogastric tubes Allowing oral intake
Multimodal standardized analgesia to minimize Minimizing opioids and reducing PONV and ileus
opioid use
Thromboprohylaxis NA
Balanced fluid and electrolyte therapy Keeping euvolemia and supporting GI function
Early removal of urinary catheter Supporting mobilization
Prevention of postoperative ileus Supporting GI function
Postoperative nutritional care Oral and IV support as needed
Early mobilization Building strength/stimulating appetite

Abbreviations: ERAS, Enhanced Recovery After Surgery; GI, gastrointestinal; IV, intravenous; NA, not applicable; PONV, postoperative nausea and

vomiting.

240

use of opioids in surgery is one of the most common ways patients get caught up in addiction
(83). The use of epidurals has some drawbacks, with occasionally reported high failure rates and
problems with maintaining blood pressure both during and after surgery. Today, epidurals are
primarily recommended for open surgery, while for laparoscopic surgery the use of spinals and
other blocking techniques has been showing similar or better results.

Fluid overload is another common cause for postoperative ileus (15). In traditional care, pa-
tients often gain 4-6 kg in weight after the operation simply due to excess IV fluids. Not only
does this cause a delay in the return of GI function, but fluid overload has also been shown to
be a cause of several common complications (16). Modern guidelines suggest that keeping within
0-2 kg weight gain the day after surgery is a good target to minimize these problems. Dehydration
is also bad for the patient, so the target is to keep a fluid balance.

In the traditional setting, surgeons considered their domains and anesthesiologists covered
their own. No one had an overview of the entire care pathway. There was little or no insight as
to how a problem caused by a single decision early in the patient’s journey could cause further
problems down the road. If, for instance, the surgeon ordered oral bowel cleansing preopera-
tively, the patient would be dehydrated when arriving to surgery. During induction of anesthesia,
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the patient’s blood pressure would fall due to the dehydration, and this would typically trigger
the anesthesiologist to give a lot of fluids to raise the blood pressure, thus causing an overload
of fluids. The surgeon might then find the patient edematous with ileus on the day after surgery.
If ERAS guidelines are followed, the patient would receive the carbohydrate drink and no bowel
preparation and thus would remain more normal in terms of blood pressure and fluid balance
at the start of surgery. This is one example of how following the ERAS model where every-
one is made aware of how their care decision affects the next in line can help avoid unnecessary
problems.

Noutritional care, however, should start well before the onset of the operation itself by the
identification of poor nutritional status, as outlined in Section 3. Studies have shown that it is
quite possible to improve adherence to the nutritional care elements of ERAS very quickly (96).
This in turn is associated with a series of improvements for postoperative nutritional aspects of
the care, GI function, and daily activities as well as improved clinical outcomes. It is also striking
to find that these effects are not only seen in younger patients but almost equally effective in the
old and frail. The only difference found between these effects in young and fit and old and frail
patients was a one-day delay in the resumption of daily activities.

6. NUTRIENTS WITH SPECIFIC EFFECTS

In surgical patients, the traditional rationale behind the use of nutritional support has been the de-
sire to prevent or correct nutritional derangements and, consequently, the malnutrition-associated
risk of postoperative morbidity and mortality. In addition to the risks of poor nutritional status, it
is well recognized that the tissue trauma induced by major surgery and general anesthesia gener-
ates homeostatic disorders, immunosuppression, generalized inflammation, and gut dysfunction.
Therefore, targeting nutritional therapy for the simple maintenance of nutritional and metabolic
needs may be inadequate. Instead, the target may be shifted to the preservation of a trophic gut
mucosa through enteral nutrition, the boosting of the immune response, and the minimization
of hyperinflammation. These goals have been attempted through the administration of special-
ized nutrients. The term immunonutrition (IMN) or pharmaconutrition encompasses the use of
specific nutritional substrates that have the ability to modulate specific mechanisms involved in
several immune and inflammatory pathways. To achieve these goals, these substrates must be ad-
ministered in supraphysiologic doses. Moreover, the expected effects may be obtained even if the
overall goal of calorie and nitrogen support is not met. Thus, the effects of these nutrients are
ascribed more to pharmacological activity than to nutritional repletion (12). This phenomenon is
defined as the effect of nutrients dissociated from nutrition, and as such the benefits should also
be observed in patients without nutritional imbalances.

The first formulations reaching the market were enteral feeds containing several immunonu-
trients such as arginine, omega-3 fatty acids, and ribonucleic acid with or without glutamine.
Although several multiple-component formulas are now available, only a few of them have been
tested in RCTS to prove efficacy. The development of such enteral formulas started in the 1980s
with extensive in vitro experiments first and then gradually in animal models of burn injury, sep-
sis, and bacterial translocation. Clinical use, with the first phase II RCTs focusing on surrogate
endpoints such as nutritional, immune, and inflammatory mediators (43, 122), became available
in the mid-1990s. Since then, dozens of RCTs have been published and their results pooled in
meta-analyses and systematic reviews (44).

In the most recent meta-analysis by Khan et al. (75), 37 RCTs were included (22 preoperative
IMN studies, 11 perioperative IMN trials, and 9 postoperative IMN trials; 4 trials had muldi-
ple IMN protocols) and reported on 3,793 patients. The main outcome, postoperative infectious
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complications, was reduced with IMN compared to placebo/control [odds ratio (OR) 0.58, 95%
confidence interval (CI) 0.47-0.72]. This association was significant in a subgroup analysis only
for preoperative and perioperative administration and in trials including upper GI cancers, col-
orectal cancer, and mixed GI cancer populations, and the effect was independent of nutritional
status. IMN in a pooled analysis reduced surgical site infection (OR 0.65, 95% CI 0.52-0.81),
anastomotic leak (OR 0.67, 95% CI 0.47-0.93), and LOS by 2 days (95% CI —3 to —0.87).

Very few other products in the field of clinical nutrition have been tested in such an extensive
way. Overall, the results suggest that IMN should be the preferred strategy in abdominal cancer
patients. However, most of the RCTs included in the abovementioned meta-analysis were per-
formed when the ERAS protocols were not or only partially in use. ERAS pathways per se have
been repeatedly shown to significantly reduce postoperative morbidity after colorectal surgery
(56, 128) and across many other types of surgical interventions (134). Thus, it might be that the
benefits of IMN are no longer evident when a full ERAS is implemented. Moya et al. (104) ad-
dressed this issue and designed an RCT to test the on-top effect of IMN in patients undergoing
colorectal resection under an established ERAS protocol. The results showed that the patients
who received IMN presented with fewer complications and, in particular, a significant decrease
in infectious complications. In the near future, the role of pharmaconutrition should be tested in
two other emerging fields of oncologic surgery: neoadjuvant treatments and prehabilitation.

Hyperglycemia is a widely acknowledged risk factor for postoperative morbidity in several
surgical settings (71). The presence of chronic alterations of glucose metabolisms have been
associated with both an increased rate of unfavorable outcomes following surgery and periop-
erative dysglycemia. Even in the absence of diagnosed diabetes mellitus (DM), hyperglycemia
is reported to increase the occurrence of overall, severe, infectious, and procedure-related com-
plications, as well as longer hospitalization and failure to rescue (76). It is now established that
postoperative hyperglycemia is mainly caused by the occurrence of peripheral insulin resistance
and enhanced further by prolonged preoperative fasting (32). Because of the deleterious effects
of hyperglycemia, blood glucose levels should be strictly monitored so that hyperglycemia may
be promptly treated or avoided (32). Yet, in clinical practice, this is not followed for all patients
unless they are under intensive care, are receiving a high dose of IV glucose, or suffer from
diabetes. Therefore, the real incidence of postoperative hyperglycemia and its potentially harmful
consequences may be largely underestimated in nondiabetic or low-risk patients. Normal postop-
erative blood glucose levels may be achieved with several strategies. Continuous insulin infusion
is commonly used in critically ill patients because of its protective effect on outcome. However,
there is a concern that intensive glucose control with insulin without rigorous monitoring may
resultin hypoglycemia with subsequent severe complications (106). In patients who are candidates
for elective major surgery, a safe and effective method to minimize postoperative hyperglycemia
is the administration of oral preoperative carbohydrate (CHO)-rich beverages (42). The preop-
erative carbohydrate drink must be designed and proven to have certain effects (not all marketed
drinks do), including a rapid passage from the stomach for safety reasons, and to elicit an insulin
response at the level of a normal meal (i.e., approximately 5-6 times the basal fasting level) to set
off the change of metabolism from a fasted to a fed state. Finally, the drink should have a proven
effect on postoperative insulin sensitivity as measured by the hyperinsulinemic normoglycemic
clamp tested at physiological levels of insulin (127). The drinks shown to achieve these goals are
composed of mainly maltodextrins with some glucose, fructose, and salts.

A large body of recent literature (45) endorses the use of a preoperative carbohydrate drink
taken up to 2 h before the operation as a safe treatment. This simple treatment is effective
in reducing perioperative insulin resistance and hyperglycemia. In a large RCT, preoperative
maltodextrin-enriched drinks significantly reduced the rate of insulin administration. Insulin was
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administered to 8 (2.4%) patients in the CHO group and 53 (16.0%) patients in the placebo group
for treating blood glucose levels >180 mg/dl [relative risk (RR) 0.15,95% CI 0.07-0.31] (42).

Carbohydrate oral solutions have also been shown to improve patient well-being and comfort.
In particular, the treatment, when compared with fasting or placebo, was effective in reducing
nausea and vomiting, hunger, thirst, dry mouth, tiredness, fatigue, weakness, malaise, anxiety, and
depression. However, CHO loading does not affect postoperative pain, duration of hospitalization,
or surgery-related morbidity (18).

Hence, the routine administration of an oral CHO-rich solution to nondiabetic patients who
are candidates for a major abdominal operation could be an alternative strategy to prevent serial
and repeated blood glucose measurements performed to strictly monitor the kinetics of glu-
cose metabolism, thus reducing the risk of unidentified, potentially dangerous hyperglycemia
episodes in most patients. Drinks containing complex carbohydrates are relatively cheap and easy
to administer. Moreover, they have been proven to be safe even when given up to 2 h before gen-
eral anesthesia since the rate of regurgitation and aspiration is not significantly different from
nil-by-mouth treatment (42).

So far, there is limited evidence on the efficacy and safety of preoperative CHO loading in
patients suffering from DM. Up to now, most research included patients with well-controlled
DM (typically defined by an HbAlc < 7%). Because carbohydrate loading aims to increase insulin
secretion, the use of carbohydrate loading is not recommended for those with type 1 DM (139).
A recent scoping review (87) on the use of CHO-rich solutions in patients with well-controlled
type 2 DM concluded that the benefits of preoperative carbohydrate loading outweighed the risks
of glucose variability in most patients. However, the level of evidence was low given the paucity
of well-designed RCTs in this specific cohort of patients.

A further unexplored use of CHO-loading is in major pancreatic resections where postopera-
tive severe hyperglycemia is frequently observed owing to the combined effect of surgery-related
injury and removal of beta cells.

7. MODULATION OF THE GUT MICROENVIRONMENT

Probiotics are defined by the World Health Organization as live microorganisms that confer ben-
eficial effects to the host when given in sufficient quantities. They survive transit through the GI
tract, with most of their activity being in the colon. Prebiotics are food ingredients that escape di-
gestion in the upper GI tract and stimulate the growth and activity of selective bacterial genera in
the colon. When prebiotics and probiotics are combined in a single preparation, they are known as
synbiotics. The mechanisms of action for probiotics include competitive exclusion of potentially
pathogenic bacteria and direct antimicrobial effects (105). The proliferation of probiotic bacteria
can be enhanced by the coadministration of prebiotics, and certain bacterial genera are stimulated
selectively by these compounds that supply nutrients for their growth (114).

Analysis of pooled data from RCTs demonstrates that the perioperative administration of
probiotics and synbiotics significantly reduces the risk of infectious complications following ab-
dominal surgery, with the magnitude of this risk reduction approaching 50% (RR 0.56; 95% CI
0.46-0.69). The reduction in risk of infection was greater with synbiotic preparations than with
probiotics alone, confirming that the beneficial effects of probiotics can be enhanced by the addi-
tion of prebiotic substrates. In addition, there was a reduction in LOS in the synbiotic group but
not the probiotic group. There was no impact on noninfectious complications or mortality (26).

Probiotics and synbiotics are safe in the setting of elective abdominal surgery and associated
with few adverse effects. Both probiotics and synbiotics reduce the risk of postoperative infection.
However, at present, there is no standardized probiotic preparation, duration of treatment, or
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route of administration, making a comparison of the trials challenging. In addition, some studies
have used multispecies preparations, and it is unclear which strain is the best and what role it has.
Furthermore, control groups in some studies received only standard care, whereas other studies
employed a placebo.

8. POSTOPERATIVE NUTRITIONAL SUPPORT

The restoration of an adequate caloric intake in the postoperative period is fundamental for patient
recovery. There are two main obstacles for the resumption of normal intake of food: the triad of
nausea, vomiting, and postoperative ileus hindering the return of normal gut function and the
patient metabolic capacity to make use of substrates administered.

Overcoming these obstacles is key since prolonged starvation postoperatively enhances the ac-
tivation of a hormonal cascade with increased gluconeogenesis and release of proinflammatory
cytokines, leading to protein wasting, peripheral insulin resistance, and, consequently, impaired
wound healing and increased risk of complications (72). The risk of postoperative undernutri-
tion is even more detrimental in patients who present with malnutrition at admission, a frequent
condition, especially in oncological surgery settings (4).

For most patients undergoing elective surgery, except for those undergoing upper GI and pan-
creatic procedures, no contraindications to resumption of oral diet on the afternoon of or the
morning after surgery have been reported (82). Especially when ERAS protocols are followed,
free food at will is typically well tolerated and associated with shortened time to first flatus, as well
as reduced length of hospitalization (3, 96). The basis for postoperative feeding in most surgeries
is normal food. When food intake alone does not meet energy and protein needs, it should be
supplemented by ONSs.

However, previous reports from nutritionDay, a cross-sectional audit screening and monitor-
ing for malnutrition worldwide, showed that nearly half of hospitalized patients do not eat their
full meals, and that decreased food intake was associated with increased hospital mortality (11).
Preliminary data from nutritionDay focusing on surgical patients showed that merely one-third
of postoperative patients tolerated a full meal and around 25% ate nothing, either because of a ni/
per os prescription or despite being allowed to eat.

There are several reasons why normal food is not tolerated postoperatively. The most com-
mon reason is that traditional treatments are still being delivered to patients. Several factors
can lead to postoperative GI dysfunction, identified as nausea, vomiting, abdominal distension,
and absence of bowel motility, thus limiting the routine practice of early food resumption. First,
despite the recommendation of drinking as soon as patients are awake and nausea-free after the
surgical procedure, several patients still receive IV fluid administration for a few postoperative
days. The use of IV fluid therapy after surgery should be reserved for specific cases of hypovo-
lemia, ongoing losses (e.g., high-output stoma or vomiting), or fluid shift to the extracellular
compartment. The risk of these deficits, or more commonly of overload, remains nonnegligible
and associated with an increased rate of postoperative morbidity, impaired microvascular perfu-
sion with tissue edema and prolonged ileus, and longer hospitalization, as well as higher costs
(92,124, 132).

The type of anesthesia used affects bowel recovery and may condition postoperative GI dys-
function. Despite current evidence suggesting opioid-sparing anesthesia, epidural analgesia, and
peripheral p antagonists for prevention of primary ileus, the incorporation of such interventions
into clinical practice remains inconsistent (22). In addition, emergency settings may represent a
limitation of resumption of early oral intake of liquids and food. Patients undergoing emergency
surgery are more likely to have open surgery than minimally invasive operations (115). These
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patients are at increased risk of fluid and electrolytic imbalance and may present at admission with
ileus or gastric outlet and be in need of a nasogastric tube (123). All these elements prevent the
early resumption of oral intake (121). Lastly, several surgery-related or intrinsic patient factors
may reduce compliance to early oral feeding. In a large series of patients undergoing minimally
invasive esophagectomies, being female and having a high risk score according to the America
Society of Anesthesiologists (ASA) were predictive of failure of direct oral feeding (70). Similarly,
advanced age, high ASA score, frailty, duration of surgery, the type of colonic anastomosis, and
the onset of major complications have generally been recognized as risk elements for the failure
of enhanced recovery pathways following abdominal surgery (79, 141, 144, 145). Yet, it has
been shown that by implementing a full ERAS program, most of the impediments to early food
tolerance are easily overcome (46).

The next paragraphs provide the rationale for the need for early feeding and how to preserve
and restore gut function. Finally, alternative approaches for nutritional support when daily caloric
intake cannot be successfully achieved through the physiological oral route are outlined.

Several reasons account for potential gut dysfunction in postoperative surgical patients. Pe-
rioperative starvation implies the progressive absence of luminal nutrients, and consequently the
loss of structural and functional integrity of intestinal mucosa. Subsequent opening of intercellular
channels in the intestinal epithelium occurs, directly related to the degree of surgery-related in-
flammatory response (79). Both the underlying disorder and the surgical procedure itself provoke
a proinflammatory status leading to fluid shift to the extracellular compartment, causing mucosal
edema, impaired gut motility ileus, and a defective mucosal barrier (79). Cytokine release may
ultimately provoke cell apoptosis (2) and affect the microvascular environment of the intestinal
wall, with ischemia/reperfusion injury and damage to intestinal epithelium. In this setting, early
feeding plays a key role in maintaining the functional and structural integrity of the gut epithe-
lium. The presence of nutrients in the intestinal lumen stimulates intestinal motility and favors the
release of trophic elements (80). Early oral feeding has also been associated with reduced postop-
erative inflammatory response (129). All these aspects can directly affect the gut wall, preventing
the occurrence of bacterial translocation (68) (Figure 3).

A possible modulation of the brain—gut axis deriving from early oral feeding has been
postulated. The brain—gut peptides, namely gastrin, motilin, substance P, cholecystokinin, and so-
matostatin, are regulators of gut function (23,109, 117, 118). They act on the GI tract through the
neuroendocrine and brain—gut axis, regulate gastric emptying and intestinal transit, and affect sati-
ety and appetite (109). In a recent study, patients receiving early oral feeding after esophagectomy
reported higher levels of ghrelin, motilin, and substance P compared to patients not receiving early
feeding (24). These hormones initiate the migrating motor complex in the stomach and stimulate
GI motility, thus favoring gastric emptying and inducing hunger (117).

Other beneficial effects of early feeding have also been observed in experimental models, sug-
gesting that adequate oral intake may positively affect the healing of GI anastomoses (38). The
resumption of early oral food contributes to minimize catabolic activation and protein wasting
associated with impaired wound healing. In addition, the restoration of oral food intake may help
preserve the normal gut microbiome and reduce the risk of postoperative complications (146).
The commensal microbiota create a balance with the immune system of the host (88) and play
an active role in the digestive process (77). Moreover, the microbiome contributes to maintaining
epithelial mucosal barrier function by providing a functional layer against pathogen infection, and
its perturbation increases the risk of infectious complications and anastomotic leakage (31). Re-
cent results in murine models showed a strong correlation between some bacterial strains in the
gut microbiome, the inflammatory intestinal microenvironment, and the capability of anastomotic

healing (62).
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Figure 3

The gut-liver axis and consequences related to metabolic derangements. Exposure factors such as diet,
drugs, and stressful events may provoke an important modulation of gut microbiota and microbial
metabolite production. In physiological situations, SCFAs promote gut homeostasis. Alterations in the gut
microbial environment potentially favor a leaky gut condition. Increased permeability of the intestinal
barrier allows translocation of bacteria and their metabolites, such as LPS, further impairing the gut-liver
axis and potentially hampering distant organ and system organ functions. In this setting, early feeding plays a
key role in maintaining the functional and structural integrity of the gut epithelium. Early oral feeding is also
associated with reduced postoperative inflammatory response. All these aspects can directly affect the gut
wall, preventing the occurrence of bacterial translocation. Abbreviations: LPS, lipopolysaccharide; PAMP,
pathogen-associated molecular pattern; p-cresol, para-cresol (4-methylphenol); SCFA, short-chain fatty acid.
Figure adapted from Reference 102 (CC BY 4.0).

9. ROUTES OF FEEDING IN DIFFERENT SURGERIES

Accordingly, the most recent guidelines suggest that oral nutritional intake should be continued
after surgery without interruption. Oral intake, including clear liquids, should be initiated within
hours following a procedure (137). Normal hospital food is the basis for postoperative nutrition.
If insufficient, the first line of additional nutritional support is the use of ONSs given to patients
who do not meet energy and protein requirements with normal food.

The poor tolerance to oral intake is more often observed after complex upper GI and proximal
pancreatic surgery. The occurrence of postoperative complications, such as anastomotic failure,
surgical site infections, the need for reintubation, and organ failure, will often severely affect the
resumption of postoperative oral intake (14).
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There are no high-level scientific data available to inform when and to whom artificial nu-
trition, that is, enteral tube feeding or parenteral nutrition, should be initiated postoperatively.
However, ESPEN expert recommendations suggest that in patients who are unable to resume
oral intake for more than 5 postoperative days, artificial nutritional support should be initiated
(93). Similarly, artificial nutrition is also indicated in those patients not expected to reach above
50% of recommended daily caloric intake for more than one week.

A lingering issue has been about the best route for administering artificial nutrition: enteral
or parenteral. Several systematic reviews and meta-analyses definitively proved the superiority of
oral nutrition and enteral nutrition over parenteral nutrition (1, 40, 64, 138). Whenever possible,
this route should be used either alone or supplemented with parenteral nutrition if needed. En-
teral nutrition provides similar beneficial effects on gut function as oral food. Enteral nutrition
promotes the role of commensal bacteria that help degrade bacterial toxins and prevent colo-
nization of pathogenic organisms (68, 119). Commensal bacteria produce short-chain fatty acids
that play a role in the downregulation of the inflammatory response and oxidative stress in the
colon (125). Moreover, beneficial effects of enteral nutrition on the gut immune microenviron-
ment and epithelium have been described (68, 80). By contrast, the use of parenteral nutrition has
been associated with impaired gut and liver function, poor control of glucose metabolism, and in-
creased risk of infectious complications, as well as increased in-hospital mortality and duration of
hospitalization (1, 25, 29, 84, 99). However, enteral nutrition is not always well tolerated because
of abdominal swelling, ileus, or impaired gastric emptying after abdominal surgery (73). Patients
undergoing major surgery for head, neck, or abdominal cancer surgery—mainly esophageal re-
section, gastrectomy, or proximal pancreatectomy—have a higher risk of developing morbidity,
and any postoperative complications may delay oral and enteral feeding and diminish predefined
caloric uptake (9). In those cases, supplemental parenteral nutrition or total parenteral nutrition
is needed to achieve the daily caloric intake.

Three routes of tube feeding enteral nutrition are mainly used following surgery: via a naso-
gastric tube, via a nasoduodenal/jejunal tube, or via a needle catheter jejunostomy tube. For upper
GI surgery, evidence suggests the benefit of a tube inserted distal to the anastomosis, either a
needle catheter jejunostomy or nasojejunal tube (13, 58). Placement of a jejunostomy, preferably
using the laparoscopic approach over the open jejunostomy placement, is associated with a risk of
complications ranging from 1.5% to 6% (66). Because of the risks associated with its placement,
routine placement of a feeding jejunostomy is not recommended. In addition, since the intro-
duction of the ERAS programs, only about 50% of patients undergoing pancreatoduodenectomy
require nutritional support in the postoperative period. For these reasons, jejunostomies should
be reserved for high-risk cases, especially malnourished patients undergoing major upper GI and
proximal pancreatic resections. However, the issue of indications for the selection of candidates for
this type of feeding tube is still under debate and needs to be better supported by further evidence
(41). In favor of its wider use is a recent retrospective analysis in more than 700 patients under-
going gastrectomy that showed that early enteral nutritional support by a feeding jejunostomy
improved the nutritional status of the patients without increasing the rate of postoperative com-
plications (86). As an alternative to jejunostomies, nasogastric or nasojejunal tubes can be used. An
RCT showed no significant differences between nasoduodenal tube and feeding jejunostomy for
the development of catheter-associated complications following esophagectomy (63). However,
the use of nasogastric/jejunal tubes has other drawbacks and has been associated with a significant
rate of dislodgement, with a consequent risk of vomiting and aspiration pneumonia (39, 95).

In brief, when the resumption of oral intake cannot be successfully achieved, early enteral nu-
trition is recommended. Whether it is better to administer enteral nutrition via nasogastric/jejunal
tube or via jejunostomy remains inconclusive. Further evidence is needed to select those patients
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who could benefit from the intraoperative placement of a feeding jejunostomy, according to the
type of surgical procedure and nutritional risk profile.

10. SUMMARY AND CONCLUSIONS

Surgical practice has changed drastically in the last couple of decades. New surgical techniques
and the evidence-based perioperative care program, ERAS, have revolutionized the care of the
surgical patient. These improvements have reduced complication rates and length of hospital stay
by 30-50% in many types of surgeries. Several of the evidence-based care elements in ERAS pro-
tocols have a direct impact on the metabolic responses to surgery by reducing stress reactions.
They also allow for much faster resumption of functions, including those of the GI tract. These
improvements have opened up opportunities for changes in nutritional care. Instead of receiv-
ing low-caloric glucose IV fluids, patients can and should eat and drink almost immediately after
surgery as an integral part of their recovery. A further development is the prehabilitation programs
where patients preparing to undergo major operations are given specific protein-rich nutrition,
perform specific exercise programs, and receive mental preparation to increase their resilience
to the stress of surgery. In parallel to these advances, specific immunomodulating nutrients in
pharmacologic doses have been shown to effectively reduce complications, primarily infectious
complications in abdominal cancer patients. Pre- and probiotics affecting the gut microbiota also
show promising effects on outcomes, while the simple use of carbohydrates preoperatively is an ef-
fective way of controlling postoperative glucose. Still, malnutrition remains a major risk for severe
complications for many patients undergoing major surgery, especially for cancer. These patients
need to be identified before surgery by screening and assessment and given proper nutritional
care before and after surgery to help avoid complications. Nutritional care in the surgical patient
should be based on normal food supplemented by ONSs if the GI tract is working. The pre-
viously very common modes of feeding—tube feeding and parenteral nutrition—are secondary
choices either alone or in combination and reserved for patients where the normal oral routes are
insufficient to fulfil the needs of the patients.
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