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Learning Objectives

e Necessity of nutritional risk screening in surgical patients;

e Definition of “high nutritional risk”;

¢ Indications and concepts for perioperative nutritional therapy according to the ESPEN
guidelines;

e Preoperative conditioning — “Prehabilitation”;

e Enteral, parenteral, and combined enteral/parenteral nutrition;

e Macro-, and micronutrients;

e Indications for immune-enhancing diets;

e Nutritional monitoring and follow-up after discharge.
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Key Messages

Nutritional status is a prognostic factor in surgical patients;

Nutritional screening is essential for the early identification of patients at metabolic
risk before surgery;

Prehabilitation is a concept of conditioning including nutrition;

Nutritional therapy is required if a longer period of inadequate oral intake has to be
anticipated;

The enteral route should be always preferred;

If nutritional supply is inadequate, the combination of enteral and parenteral “dual”
nutrition will be advantageous.
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1. Introduction

Malnutrition is generally considered to be associated with starving and lack of food. Its
presence in a third world society with an increasing percentage of obese people is
frequently neither realized nor well understood. Undernutrition is more subtle than
suggested by the World Health Organization (WHQO) definition based on a body mass
index (BMI) <18.5kg/m?2. Recently a global consensus of PEN Societies (GLIM) has been
achieved regarding the definition of malnutrition including phenotypical (non-volitional
weight loss, low BMI, reduced muscle mass) and aetiological criteria (reduced food intake
or assimiliation, inflammation or disease burden) (1).

Disease related weight loss in patients with overweight is not necessarily associated with
a low BMI as in the definition of the WHO. However, this weight loss results in changes of
body composition inducing a loss of fat-free mass bearing a ,metabolic risk® which must
be kept in mind for patients undergoing major surgery especially those with cancer.

ESPEN has defined diagnostic criteria for malnutrition according to two options (2):
-option 1: BMI <18.5kg/ m

-option 2: combined: weight loss >10% or >5% over 3 months and reduced BMI or a
low fat free mass index (FFMI).

Reduced BMI <20 or <22 kg/m? in patients younger and older than 70 years,
respectively. Low FFMI is <15 and <17kg/m? in 2females and males, respectively.

Because under- and malnutrition are frequently not recognized and therefore untreated,
metabolic factors will usually not be considered in the critical analysis of surgical
morbidity and outcome. Many retrospective and prospective major trials have however
elucidated the association with impaired nutritional status and postoperative complication
rate and mortality (3-5). Data from the European “NutritionDay" from about 15000
patients clearly showed that “metabolic risk" is a factor increasing hospital mortality
particularly in the elderly (6).

According to the prospective data from a multicentric trial the highest risk patients will be
found in hospital in the departments of surgery, oncology, geriatrics, and intensive care
medicine. Univariate analysis revealed significant impact on the hospital complication
rate from: severity of the disease, age >70 years, surgery and cancer disease (5). A
clear association between sarcopenia and major complications after surgery has again
been shown recently (7). Bearing in mind the demographic developments in the western
world, surgeons will surely be dealing with a risk accumulation in the functionally
impaired elderly undergoing major surgery for cancer (8).

Therefore, nutritional management is an interprofessional challenge, and in times of
limitations in the health care economy a “must" for rationalization in order to save
resources. As a basic requirement a systematic nutritional risk screening must be
considered in all patients on hospital admission. For the surgeon to the mechanical
approach to the patient must be added the metabolic dimensions of the surgery planned.

Copyright © by ESPEN LLL Programme 2019



Table 1
Nutritional aspects in the surgical patient

- Nutritional Risk Screening on admission or first contact
- Observation and documentation of oral intake
- Regular follow-up of weight and BMI

2. Screening Tools

Several screening tools are available. Well validated and officially recommended by
ESPEN with widespread use is the Nutritional Risk Screening (NRS), the so-called
Kondrup-Score (9). Patients classified as at risk by the NRS have significantly higher
complication rates during hospital admission (4).

Table 2
Complication rate in NRS classified patients
no complication % | complication % (n) | Total in % (n)

(n)
No risk 88.7 (3021) 11.4 (383) 100 (3404)
Risk 69.4 (1143) 30.6 (504) 100 (1647)

p < 0.001

According to Sorensen et al, 2008 (4)

Nutritional Risk Score (9):

The prescreening which takes only a few minutes includes the following items:
- BMI < 20.5 kg/m?

- weight loss within 3 months

- diminished food intake

- severity of the disease

A severe metabolic risk (3):

must be considered in the presence of one or more of the following criteria:
- weight loss > 10-15 %

- BMI < 18.5kg/m?

- NRS >5, SGA C

- Serum albumin < 30g/I (no hepatic or renal disease)

3. Indications for Nutritional Support

The key issues of perioperative nutritional care include: avoidance of long periods of pre-
operative starving and re-establishment of oral feeding as early as possible after surgery.
Nutrition is an integral part of the Enhanced Recovery After Surgery (ERAS) or so-called
multimodular “Fast Track” concept, which has been widely accepted as the primary goal
(3, 10). Its implementation may still be improved. It is evidence based that early
oral/enteral nutrition will diminish postoperative ileus and accelerate solid food tolerance
(11, 12). Early oral nutrition is a key issue for re-establishing normal bowel motility and
therefore an important step for enhanced recovery (3, 10, 13, 14). From a metabolic
viewpoint catabolism will be attenuated and nitrogen spared (15). Ideally, oral nutrition
can be reestablished within a few hours after surgery (3, 11-14). These patients do not
require artificial nutritional support or infusion therapy. However, the tolerance and the
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amount of food intake should be carefully observed. If tolerance to oral fluid and food
intake is limited for more than 4 days, it is recommended that peripheral parenteral
hypocaloric nutrition is started (e.g. two-chamber bag with glucose 8-10% and amino
acids 10%).

Despite convincing and clear metabolic advantages of the ERAS concept, there is also a
risk from hypocaloric nutrition and delay of adequate nutritional support in patients who
have not been identified as at metabolic risk and of higher risk of developing
postoperative complications.

The indications for nutritional support in surgery are the prevention and treatment of
undernutrition. During the perioperative period this is primarily the substitution of
calories and protein for preservation of the nutritional status and prevention of
undernutrition. Nutritional intervention may also focus on improvements in outcome -
for this indication the criteria of success are complication rate, mortality rate, hospital
length of stay and cost-benefit ratio.

The following recommendations are in accordance with the ESPEN Guidelines for Enteral
and Parenteral Nutrition in Surgery from 2006 and 2009 with the Update Clinical
Nutrition in Surgery from 2017, (3, 16, 17).

Inadequate oral intake for more than 14 days is associated with a higher mortality.
Nutritional support is therefore indicated, even in patients without obvious
undernutrition, if it is anticipated that the patient will be unable to eat for more than 5
days perioperatively. It is also indicated in patients who cannot maintain oral intake
above 50% of recommended intake for more than 7 days. In these situations nutritional
support (by the enteral route if possible) should be initiated without delay. Combination
with parenteral nutrition should be considered in patients in whom there is an indication
for nutritional support and in whom nutritional needs cannot be met (e.g. <50% of
caloric requirement) via the oral/enteral route, e.g. in upper GI fistulae (3, 16, 17).
Whenever possible the enteral route should be preferred (7, 16-18). If necessary, in the
case of limited gastrointestinal tolerance, enteral nutrition should be supplemented using
combined enteral / parenteral support. Parenteral nutrition is beneficial in
undernourished patients in whom enteral nutrition is not feasible or not tolerated, as well
as in patients with postoperative complications impairing gastrointestinal function who
are unable to receive and absorb adequate amounts of oral / enteral feeding for 7 days
or more (17).

4. Preoperative Nutrition - Prehabilitation

The “prehabilitation” concept has been recently introduced, and is an interprofessional
multimodal approach (19). The premise of the multimodal prehabilitation approach,
which includes nutrition and physical exercise components, rests on their synergy.
Regarding the clinical impact of prehabilitation two recent meta-analyses concluded that
preoperative exercise therapy contributed to decreased postoperative complication rates
and shortened length of stay in patients undergoing cardiac and abdominal surgery (19).
The training of inspiratory muscles was also associated with decreased postoperative
pulmonary complications.

While physical activity is the main focus of this multimodal prehabilitation programme,
other functional reserve factors need to be included, such as adequate nutrition, medical
and pharmacological optimization and psychological support. There is still insufficient
evidence supporting prehabilitation to confirm a lowered rate of complications.

Copyright © by ESPEN LLL Programme 2019



Meaningful changes in functional capacity take 4-5 weeks of prehabilitation and were
recently shown for patients undergoing liver resection. However, no significant difference
in the postoperative complication rate was observed (20). Patients with low functional
and physiological reserve such as the elderly, frail, sarcopenic and cancer patients could
benefit more from prehabilitation than other patient populations. In a recent blinded
randomized controlled trial (RCT) a significant reduction in the number of complications
was shown in elderly high risk patients with American Society of Anesthesiologists (ASA)
classifications Grade III and IV (21).

There are different concepts of patient conditioning which may be combined as well.
These are:

- substitution of caloric deficiency in case of severe metabolic risk

- metabolic conditioning (carbohydrate load)

- immunologic preconditioning.

4.1 Caloric Deficiency

It is still true, that “most patients will benefit from prompt surgery” (22). Deferring
surgery in order to restore caloric deficiency can only be justified in cases of severe
undernutrition and metabolic risk. If nutritional support is indicated the enteral route
should always be preferred. Whenever possible enteral nutrition should be performed as
an outpatient before the hospital stay in order to avoid nosocomial infections (3).
Parenteral nutrition is recommended in severely undernourished patients who cannot be
adequately fed orally or enterally (3, 17).

Usually nutritional support will be administered for 7 to 14 days.

4.2 Metabolic Conditioning

Preoperative starving is unnecessary for most patients. The metabolic burden of
perioperative hypoglycaemia related to overnight fasting has been clearly shown. Oral
food intake the night before and fluids until 2-3 hrs before surgery do not increase the
risk of aspiration during anaesthesia. Preoperative carbohydrate drinks can be
recommended for most patients without significantly impairing gastric emptying. There
are clear advantages for “carbohydrate loading” in the early postoperative period. In the
rare situation of patients who cannot be fed by the oral/enteral route a glucose infusion
should be administered intravenously (3, 17). In several RCTs significant advantages
were shown in favour of carbohydrate loading. These included less postoperative
discomfort as well as shortened length of hospital stay after colorectal surgery (23). A
meta-analysis showed that it was associated with significantly shorter hospital length of
stay in patients undergoing abdominal surgery (24). Another recent meta-analysis
included numerous studies in patients undergoing minor surgery, and it is not
unexpected that in this meta-analysis no significant advantage was found (25). A more
recent multicentric RCT from Italy presented significantly better glucose sensitivity with
less insulin requirement in the intervention group. No differences were found in the
clinical outcomes (26).
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4.3 Immunologic Preconditioning

The so called “immunonutrition” refers to the use of formulae enriched with (for
example) arginine, glutamine, omega-3-fatty acids and nucleotides. Patients with
obvious severe nutritional risk, such as those undergoing major cancer surgery of the
neck (laryngectomy, pharyngectomy) and of the abdomen (oesophagectomy,
gastrectomy, and pancreatoduodenectomy) as well as those who have experienced
severe trauma may benefit from these formulae. This recommendation was emphazised
in the ESPEN Guidelines for nutrition in cancer patients (27), because immune
modulating formulae contributed to a decreased rate of postoperative infections and
consequently to a decreased length of stay in hospital.

Meta-analyses have brought up concerns about any superiority in comparison with
standard oral nutritional supplements and the appropriate “timing” (28-30). In a recent
meta-analysis focusing on gastrointestinal cancer patients a significantly decreased rate
of infectious complications was found for the sole preoperative use of immunonutrition
when compared with or without standard oral nutritional supplements (31). Benefits have
been also shown for the perioperative and postoperative administration with respect to
complication rates and hospital length of stay (32, 33).

Cost-effectiveness of these formulae has been shown confirming net reduction in
resource consumption and total cost (34, 35).

5. Postoperative Nutrition

In general interruption of nutritional intake is unnecessary after surgery. Oral intake
should however be adapted to individual tolerance and to the type of surgery carried out.
Usually, oral intake can be initiated within hours after surgery (3).

It is evidence based, that early oral and/or enteral food intake diminishes the risk of
infectious complications and favours a shorter length of hospital stay (36-38). There is
also no increase in the risk of developing anastomotic leakage after gastrointestinal tract
surgery. Therefore, there is no reasonable rationale for longer periods of fasting after
surgery. There is evidence that even after colorectal surgery with bowel anastomoses
oral nutrition can be started without delay. When anastomoses of the upper GI tract have
been performed, the patients may drink clear fluids with enteral nutrition delivered via a
tube whose tip is placed distal to the anastomosis (3).

Even if oral feeding can be started within a short term after surgery some patients may
benefit from supplementary postoperative tube feeding: those after major surgery for
cancer of the abdomen and head and neck - laryngectomy, pharyngectomy, oesophageal
resection, gastrectomy, partial pancreato-duodenectomy - as well as those after severe
trauma. In these patients it is reasonable to create safe enteral access by naso-jejunal
tube or fine needle catheter jejunostomy (NCJ]) placement at the time of surgery. It had
been shown that a nasojejunal tube, which entails considerable discomfort for many
patients, may be unnecessary for decompression after gastrectomy (39), but this
constitutes another argument for NCJ insertion for feeding (40).

Enteral tube feeding can be started with low amounts (5-10ml/h) within 24 hrs after
surgery. The administration rate should be cautiously increased stepwise (for example by
10-20ml/h per day). Gastrointestinal tolerance must be monitored carefully (e.g. gastric
residual volume, abdominal distension, peristalsis). In the event of haemodynamic
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instability in the ICU the administration rate should be reduced to 5-10ml or even
stopped for a few hours (41).

For early enteral nutrition, especially in the Surgical Intensive Care Unit, a slow increase
of administration rate is recommended: e.g. to 50mil/h with small steps of 10-20ml/h
over four days, observing the enteral tolerance by abdominal distension and gastric
aspirate. Standard enteral diets may be used which will initially need appropriate addition
of sufficient volume of fluid and electrolytes (3).

6. Indications for Parenteral Nutrition (PN)

Parenteral nutrition is indicated in undernourished patients in whom enteral nutrition is
not feasible or not tolerated, in patients with postoperative complications impairing
gastrointestinal function who are unable to receive and absorb adequate amounts of
oral/enteral feeding for at least five days. Combined enteral and parenteral feeding
should be considered in all patients in whom there is an indication for nutritional support
and in whom >50% of nutritional needs cannot be met via the enteral route. This may
occur for example in high output enterocutaneous fistulae or short bowel syndrome. In
preoperative patients with completely obstructing lesions, because of the risk of
aspiration or severe bowel distension leading to peritonitis, surgery should not be
postponed (3, 17).

The main contraindications to enteral nutrition are
¢ Bowel obstruction or ileus
e Severe shock with haemodynamic instability
e Lack of integrity of the proximal GI tract (eg anastomotic breakdown)

In patients with prolonged gastrointestinal failure after surgery (as for example in short
bowel syndrome) total parenteral nutrition will be a life-saving treatment (3, 17, 41).

In most patients individualized nutrition is unnecessary. Special attention must however
be given to patients with serious comorbidity (3, 17). Standardization may follow a
protocol, and “All-In-One” mixtures (AIO) (two-chamber-bag with glucose and amino
acids, three chamber bag with glucose, amino acids and lipids) may be used. The
advantages of AIO mixtures have been shown with regard to feasibility, time and cost
saving, and the lower risks of contamination (42, 43).

6.1 Amino Acids

For the catabolic patient with proteolysis and loss of body cell mass the supply of amino
acids is essential. Because protein synthesis is an energy consuming process, appropriate
utilization of amino acids will be only realized if glucose (and lipids) are supplied at the
same time. In order to limit nitrogen losses during illness and perioperative stress
guidelines now recommend a supply of amino acids equivalent to 1.5-2 g/kg of ideal
body weight (IBW) (about 20 % of total energy requirement) (3, 17). An increase to
more than 1.5g/kg may offer no advantages for protein synthesis, because there is then
a greater risk that amino acids will be utilized as an energy source. In the case of TPN or
near total PN meta-analyses have favoured supplementation with intravenous glutamine
in a standard dosage of 0.35-0.4g/kg BW/d (3, 17, 44). However a recent randomized
controlled trial in surgical ICU patients could not find a significant difference with regard
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to 6 month survival (45). No data are yet available with regard to glutamine
supplementation in combined enteral and parenteral nutrition.

6.2 Glucose

~Intensified insulin therapy” has increased metabolic awareness regarding
hyperglycaemia. A metaanalysis including data from 38 studies clearly showed the
evidence favouring insulin therapy for the decrease of mortality, in particular in surgical
and diabetic ICU patients (46). However, intensified insulin treatment bears a
considerable risk of hypoglycaemia and should be performed continuously only with the
equipment and staff of an ICU (47). On the normal ward reduction of glucose supply
should be considered to help avoid hyperglycaemia. At present, the optimal serum
glucose level appears to be about 140 -150 mg% (7.7-8.3mmol/l) (17, 18).

6.3 Lipids

Nowadays, administration of lipid emulsions is considered to be an integral part of PN
especially in long-term ICU patients (3, 17, 18).

For a long time there were major concerns about administering lipids earlier than 10 days
after the start of PN (48). This was related to a study in trauma patients, in whom the
patients with lipid infusion had shown a significantly higher rate of infections, respiratory
failure, and length of ICU stay (49). In this study a soy-bean based lipid emulsion had
been used. Soy-derived long-chain-triglycerides (LCT) have a high content of
polyunsaturated omega-6 fatty acids which are involved in the synthesis of leucotrienes
and prostaglandins which in turn have a high inflammatory potential. This may induce
adverse effects during the systemic inflammatory response syndrome (SIRS) and sepsis.

In order to reduce the content of omega-6-fatty acids, mixed emulsions with medium-
and long-chain triglycerides were developed. The tolerance of mixed LCT/MCT Ilipid
emulsions in standard use is sufficiently documented. Several studies have shown
specific advantages over soybean LCT alone (50). Another approach is to use omega-9
rich olive-oil based lipids, which are well tolerated in critically ill patients (18, 50). In
another formula MCT and LCT are combined with omega-3-fatty acids and olive oil. A
ratio of omega-6 to omega-3 of 3:1 is considered to be immune neutral (50).
Supplementation of PN with omega-3 fatty acids may decrease mortality in critically ill
patients with abdominal sepsis (51). For surgical patients advantages have been shown
in meta-analyses with regard to infection rate, and length of hospital and intensive care
unit stay (52).

6.4 Ratio of Macronutrients
The protein:fat:glucose ratio should approximate to 20:30:50. At present, there is a
tendency to increase the glucose:fat ratio from 50:50 to 60:40 or even 70:30% of the

non-protein calories, due to the problems encountered regarding hyperlipidaemia and
fatty liver (17).
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6.5 Caloric Amount

In the acute phase of critical iliness limited substrate tolerance reflects the severity of the
disease. An inadequate amount of macronutrients is an additional burden for the
organism and may negatively influence outcome. Therefore, in the acute phase calorie
supply should refer to individual tolerance and should not exceed 25kcal/kg of IBW. The
recommended rates of supply are glucose 3-4g/kg IBW (blood glucose level about 140-
150mg%, 7.7-8.3mmol/l), lipids 0.7-1,5g/kg IBW (serum triglyceride <300mg/dI,
3.3mmol/l) and amino acids 1-1.5-2g/kg/IBW.

During the phase of recovery substrate tolerance will normalize. In this period the
amount of administered calories should be 1.2 to 1.5 fold higher than the calculated
energy requirement. In this phase indirect calorimetry in selected patients will provide
useful information about the optimal energy supply (18).

6.6 Vitamins and Trace Elements

In well nourished patients who recover with oral or enteral nutrition by postoperative day
5 there is little evidence that intravenous supplementation of vitamins and trace
elements is required. In those patients after surgery who are unable to be fed via the
enteral route or in whom total or near total parenteral nutrition is required a full range of
vitamins and trace elements should be supplemented on a daily basis (17, 18). Vitamins
and micronutrients should be separately added to the PN. New lipid emulsions containing
alpha-tocopherol which is the biologically active vitamin E component provide an
additional supply of vitamin E. Although it is possible that the present ranges
underestimate requirements in the critically ill surgical patient, so far, there is no clear
evidence for the administration of higher dosages of single micronutrients, because
toxicity cannot be excluded (18).

7. Monitoring

After major abdominal surgery follow-up of nutritional status (minimum BMI) including
documentation of the amount of oral food intake is necessary. Dietary counselling is
recommended as well which is usually appreciated by the patient.

Typical short term problems of parenteral nutrition are:

- hyperglycaemia

- hyperlipidaemia

- reversible micro- and macrovesicular steatosis of the liver

- cholestasis

Table 3
Blood chemistry
- electrolytes including phosphate and magnesium

- blood glucose

- triglycerides

- creatinine

- liver enzymes and bilirubin

- serum lactate and procalcitonin in the critically ill
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8. Follow up

Follow up of the nutritional status is required in all patients who have needed
perioperative nutritional therapy and with special regard to those with a complicated
postoperative course (53). Weight and BMI are not sensitive enough because differences
in body composition without change of BMI may occur. Bioelectrical Impedance Analysis
(BIA) is a feasible noninvasive tool which is also convenient for outpatients (see Topic 3).
The intraindividual course can be well documented in a three-compartment-model
including extracellular (ECM) and body cell mass (BCM) as well as fat mass (FM). From
body impedance, the fat free mass (FFM), the ratio of ECM/BCM and the phase angle
may be easily calculated providing fairly reliable information about the cell content in the
body. Ideally, the first measurement will be performed before surgery.

9. Post Discharge Nutrition

After major abdominal surgery dietary counselling is a reasonable expectation and will be
appreciated by most patients. In a considerable number of patients after major
gastrointestinal or pancreatic surgery the oral calorie intake will remain inadequate for
several months (54). Vitamin deficiencies also have to be taken into account (55).
Possible reasons may be a decrease in appetite, impaired enteral tolerance with dumping
symptoms, meteorism and diarrhoea. There is a guideline recommendation for insertion
of a fine needle catheter jejunostomy (NCJ) at the time of surgery in case of oesophageal
resection, total gastrectomy, and partial pancreato-duodenectomy (3). The NCJ should
not be removed at the time of discharge from the hospital (56, 57). If necessary
supplementary enteral nutrition can be continued e.g. with 500 or 1000kcal/d via the
NCJ. After teaching, most patients will be able to administer jejunostomy tube feeding
themselves. Although further weight loss cannot be completely avoided, attenuation of
weight loss is shown, as well as can be shown for oral nutritional supplements (58, 59).
Other authors have found a significantly better quality of life in patients receiving
nutritional supplementation (60). While this is still a matter of debate, further data from
controlled studies should elucidate the benefits.

10. Concluding Remarks

Nutritional risk screening and, if indicated, nutritional therapy are essential parts of
perioperative management in ERAS programmes. With special regard to the elderly the
early identification of patients at metabolic risk remains essential. Prehabilitation
including nutritional therapy may be considered in high risk patients. According to the
ESPEN guidelines these patients should undergo nutritional support very early on if a
longer period of inadequate oral intake is anticipated. The enteral route should be
preferred whenever possible.
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11. Summary

Aiming for enhanced recovery and the reduction of postoperative morbidity, ERAS
programmes do not preclude the necessity for appropriate perioperative nutritional and
metabolic care. Early detection and observation of patients with nutritional risk remains
an essential part of perioperative management. Whenever possible, artificial nutritional
support should be avoided. However, if in high risk patients inadequate oral intake is
anticipated then nutritional therapy should be started early via the enteral route, maybe
even in combination with parenteral nutrition. Long term total parenteral nutrition will be
limited to special indications. This review incorporates the 2006, 2009, and 2017
guideline recommendations of the European Society for Clinical Nutrition and Metabolism
(ESPEN) (www.espen.org) for nutritional management of surgical patients.

12. References

1. Cederholm T, Jensen GL, Correia MITD, Gonzalez MC, Fukushima R, Higashiguchi T,
Baptista G, Barrazzoni R, Blaauw R, Coats A, Crivelli A, Evans DC Gramlich L, Fuchs-
Tarlovsky V, Keller H, Lido L, Malone A, Morgensen KM, Morley JE, Muscaritoli M,
Nyulasi I, Prlich M, Pisprasaert V, de van der Schueren MAE, Siltharm S, Singer P,
Tappenden K, Velasco N, Waitzberg D, Yamwong P, Yu J, Van Gossum A, Compher C,
GLIM Core Leadership Committee; GLIM Working Group. GLIM crioteria for the
diagnosis of malnutrition. a consensus report from the global clinical nutrition
community. Clin Nutr 2019; 38: 1-9.

2. Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum A, Klek S, Muscaritoli M,
Nyulasi O, Ockenga J, Schneider SM, de van der Schueren MA, Singer P Diagnostic
criteria for malnutrition - an ESPEN consensus statement. Clin Nutr 2015; 34: 335-
340.

3. Weimann A, Braga M, Carli F, Higashiguchi T, Hibner M, Klek S, Laviano A,
Ljungqvist O, Lobo DN, Martindale R, Waitzberg D, Bischoff SC, Singer P ESPEN
Guideline: Clinical Nutrition in Surgery. Clin Nutr 2017; 36: 623-650.

4. Sorensen J, Kondrup ], Prokopowicz ], Schiesser M, Krahenbhl L, Meier R, Liberda
M, EuroOOPS study group. EuroOOPS: an international, multicentre study to
implement nutritional risk screening and evaluate clinical outcome. Clin Nutr 2008;
27: 340-349.

5. Pirlich M, Schiitz T, Norman K, Gastell S, Libke HJ, Bischoff S, Bolder U, Frieling T,
Glldenzoph H, Hahn K, Jauch KW, Schindler K, Stein J, Volkert D, Weimann A ,
Werner H, Wolf C, Zlircher G, Bauer P, Lochs H. The German hospital malnutrition
study. Clin Nutr 2006; 25: 563-574.

6. Hiesmayr M, Schindler K, Pernicka E, Schuh C, Schoeniger-Hekele A, Bauer P,
Laviano Lovell AD, Mouhieddine M, Schuetz T, Schneider SM, Singer P, Pichard C,
Howard P, Jonkers C, Greci I, Ljungqvist O TheNutritionDay Audit Team. Decreased
food intake is a risk factor for mortality in hospitalised patients: The NutritionDay
survey 2006. Clin Nutr 2009; 28: 484-491.

7. Simonsen C, de Heer P, Bjerre ED, Suetta C, Hojman P, Pedersen BK, Svendsen LB,
Christensen JF Sarcopenia and postoperative complication risk in gastrointestinal
surgical oncology: a meta-analysis. Ann Surg 2018; 268: 58 - 69.

8. Meguid RA, Bronsert MR, Juarez-Colunga E, Hammermeister KE, Henderson WG
Surgical risk preoperative assessment system (SURPAS): III. Accurate preoperative

Copyright © by ESPEN LLL Programme 2019
12


http://www.espen.org/

10.
11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

prediction of 8 adverse outcomes using 8 predictor variables. Ann Surg 2016; 264:
23-31.

Kondrup J, Allison SP, Elia M, Vellas B, Plauth M. ESPEN guidelines for nutritional
screening. Clin Nutr 2003; 22: 415-421.

Ljungqgvist ERAS Enhanced Recovery - principles - see Module 17.2.

Varadhan KK, Neal KR, Dejong CHC, Fearon KCH, Ljungqvist O, Lobo DN The
enhanced recovery after surgery (ERAS) pathway for patients undergoing major
elective surgery: A meta-analysis of randomized controlled trials Clin Nutr 2010; 29:
434-440.

Greco M, Capretti G, Beretta L, Gemma M, Pecorelli N, Braga M. Enhanced recovery
program in colorectal surgery: a meta-analysis of randomized controlled trials. World
J Surg. 2014; 38:1531-41.

Han Geurts 1J, Hop WC, Kok NF, Lim A, Brouwer KJ, Jeekel J. Randomized clinical
trial of the impact of early enteral feeding on postoperative ileus and recovery.Br J
Surg 2007; 94: 555-561.

Lassen K, Kjaeve ], Fetveit T, Trano G, Sigurdsson HK, Horn A, Revhaug A. Allowing
normal food at will after major upper gastrointestinal surgery does not increase
morbidity: a randomized multicenter trial. Ann Surg 2008; 247: 721-729.

Response to surgical stress — see Module 17.1.

Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist O, Soeters P, DGEM
(German Society for Nutritional Medicine), Jauch KW, Kemen M, Hiesmayr JM,
Horbach T, Kuse ER, Vestweber KH, ESPEN (European Society for Parenteral and
Enteral Nutrition) ESPEN Guidelines on Enteral Nutrition: Surgery including organ
transplantation. Clin Nutr 2006; 25:224-244.

Braga M, Ljungqvist O, Soeters P, Fearon K, Weimann A, Bozzetti F. ESPEN
Guidelines on Parenteral Nutrition: Surgery. Clin Nutr 2009; 28: 379-386.

Singer P, Reintam Blaser A, Berger MM. Alhazzani W, Calder P, Casaer M, Hiesmayr
M, Mayer K, Montejo JC, Pichard C, Preiser JC, van Zanten ARH, Oczkowski S,
Szczeklik W, Bischoff SC ESPEN Guideline Clinical nutrition in the intensive care
unit. Clin Nutr 2019 38; 48-79.

Gillis C, Buhler K, Bresee L, Carli F, Gramlich I, Culos-Reed N, Sajobi TT, Fenton TR.
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.

Dunne DF, Jack S, Jones L, Lythgoe DT, Malik HZ, Poston GJ], Palmer DH, Fenwick
SW Randomized clinical trial of prehabilitation before planned liver resection. Br ]
Surg 2016; 103: 504-512.

Barberan-Garcia A, Ubre M, Roca J, Lacy AM, Burgos F, Risco R, Mombian D, Balust
J, Blanco I, Matinez Pall G Personalised Prehabilitation in high-risk patients
undergoing elective major abdominal surgery: a randomized blinded controlled trial.
Ann Surg 2018, 267: 50-56.

Veteran Affairs Total Parenteral Nutrition Cooperative Study Group. Perioperative
total parenteral nutrition in surgical patients. N Engl J Med 1991; 325; 525-532.
Noblett SE, Watson DS, Huong H, Davison B, Hainsworth PJ], Horgan AF Pre-
operative oral carbohydrate loading in colorectal surgery: a randomized controlled
trial. Colorectal Dis 2006; 8: 563-569.

Copyright © by ESPEN LLL Programme 2019
13


http://www.ncbi.nlm.nih.gov/pubmed/?term=Greco%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24368573
http://www.ncbi.nlm.nih.gov/pubmed/?term=Capretti%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24368573
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beretta%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24368573
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gemma%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24368573
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pecorelli%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24368573
http://www.ncbi.nlm.nih.gov/pubmed/?term=Braga%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24368573
http://www.ncbi.nlm.nih.gov/pubmed/24368573
http://www.ncbi.nlm.nih.gov/pubmed/24368573

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Awad S, Varadhan KK, Ljungqvist O, Lobo DN A meta-analysis of randomised
controlled trials on preoperative oral carbohydrate treatment in elective surgery. Clin
Nutr 2013; 32:34-44.

Amer MA, Smith MD, Herbison GP, Plank LD McCall JL Network meta-analysis of the
effect of preoperative carbohydrate loading on recovery after elective surgery. Br ]
Surg 2016; DOI: 10.1002/bjs.10408.

Gianotti, L, Biffi R, Sandini M, Marrelli D, Vignali A, Caccialanza R, Vigano ], Sabbatini
A, Di Mare G, Alesiani M, Antomarchio F, Valsecchi MG, Bernasconi DP Preoperative
oral carbohydrate load versus plcebo in major elective abdominal surgery (PROCY): A
randomized placebo-controlled multicenter phase III trial. Ann Surg 2018; 267: 623-
630.

Arends ], Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, Fearon K,
Hltterer E, Isenring E, Kaasa S, Krzanic Z, Laird B, Larsson M, Laviano A, Mihlebach
S, Muscaritoli M, Oldervoll L, Ravasco P, Solheim T, Strasser F, de van der Schueren
M, Preiser JC. ESPEN Guidelines on nutrition in cancer patients. Clin Nutr 2017; 36:
11-48.

Marimuthu K, Varadhan KK, Ljungqvist O, Lobo DN A meta-analysis of the effect of
combinations of immune modulating nutrients on outcome in patients undergoing
major open gastrointestinal surgery. Ann Surg 2012; 255:1060-1068.

Osland E, Hossain MB, Khan S, Memon MA Effect of Timing of Pharmaconutrition
(Immunonutrition) Administration on Outcomes of Elective Surgery for
Gastrointestinal Malignancies: A Systematic Review and Meta-Analysis. JPEN ]
Parenter Enteral Nutr 2014, 38: 53-69.

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: 1078-1087.

Adimiah A, Skorepa P, Weimann A, Lobo DN The impact of preoperative immune
modulating nutrition on outcomes in patients undergoing surgery for gastrointestinal
cancer - a systematic review and meta-analysis. Ann Surg 2019 epub ahead of print.
Stableforth VD, Thomas S, Lewis SJ]. A systematic review of the role of
immunonutrition in patients undergoing surgery for head and neck cancer. Int J Oral
Maxillofac Surg 2009; 38; 103-110.

Klek S, Szybinski P, Szczepanek K Perioperative immunonutrition in surgical cancer
patients; a summary of a decade of research. World J Surg 2014; 38: 803-812.
Braga M, Gianotti L. Preoperative immunonutrition: cost-benefit analysis. JPEN
J.Parenter.Enteral Nutr. 2005;S57-5S61.

Chevrou-Séverac H, Pinget C, Cerantola Y, Demartines N, Wasserfallen JB, Schafer M
Cost-effictiveness  analysis of immunemodulating nutritional support for
gastrointestinal cancer patients. Clin Nutr 2014; 33; 649-654.

Osland E, Yunus RM, Khan S, Memon MA Early versus traditional postoperative
feeding in patients undergoing resectional gastrointestinal surgery: a meta-analysis.
JPEN J Parenter Enteral Nutr 2011; 35:473-487.

Lewis SJ], Andersen HK, Thomas S Early enteral nutrition within 24h of intestinal
surgery versus later commencement of feeding: a systematic review and meta-
analysis. Gastrointest Surg 2009; 13. 569-575.

Martindale RG, McClave SA, Taylor B, Lawson CM Perioperative nutrition: what is the
current landscape? JPEN J Parenter Enteral Nutr 2013; 37 (5 Suppl): 55-20S.

Copyright © by ESPEN LLL Programme 2019
14



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

Carréere N, Seulin P, Julio CH, Bloom E, Gouzi JL, Pradére B Is nasogastric or
nasojejunal decompression necessary after gastrectomy? A prospective randomized
trial. World J Surg. 2007; 31:122-7.

Markides GA, Alkhaffaf B, Vickers J Nutritional access routes following
oesophagectomy--a systematic review. Eur J Clin Nutr 2011; 65:565-573.

Pironi L, Corcos O, Forbes A, Holst M, Joly F, Jonkers C, Klek S, Lal S, Blaser AR,
Rollins KE, Sasdelli AS, Shaffer J, Van Gossum A, Wanten G, Zanfi C, Lobo DN ESPEN
Acute and chronic intestinal failure special interest groups. Intestinal failure in
adults: Recommendations from the ESPEN expert groups. Clin Nutr 2018; 37: 1798-
1809.

Pichard C, Schwarz G, Frei A, Kyle U, Romand JA, Sierro C Economic investigation of
the use of three-compartment total parenteral nutrition bag: prospective randomized
unblended controlled study. Clin Nutr 2000; 19: 245-251.

Menne R, Adolph M, Brock E, Schneider H, Senkal M Cost analysis of parenteral
nutrition regimens in the intensive care unit: three-compartment bag system vs.
multibottle system. JPEN J Parenter Enteral Nutr 2008; 32: 506-512.

Rae MP Therapeutic benefits of glutamine: An Umbrella review of meta-analyses.
Biomed Rep 2017; 6: 576-584.

Ziegler TR, May Ak, Hebbar G, Easley KA, Griffith DP, Dave N, Collier BR, Cotsonis
GA, Hao L, Leong T; Manatunga AK, Rosenberg ES, Jones DP, Martin GS, Jensen GL,
Sax HC, Kudsk KA, Galloway JR, Blumberg HM, Evans ME, Wischmeyer PE Efficacy
and safety of glutamine-supplemented parenteral nutrition in surgical ICU patients:
an american multicenter randomized controlled trial. Ann Surg 2016; 263: 646-655.
Griesdale DEG, de Souza RJ, van Dam RM, Heyland DK, Cook DJ], Malhotra A,
Dhaliwal R, Henderson WR, Chittock DR, Finfer S, Talmor D.Intensive insulin therapy
and mortality among critically ill patients: a meta-analysis including NICE-SUGAR
data. CMAJ 2009; 180: 821-827.

Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M, Weiler N, Moerer O,
Gruendling M, Oppert M, Grond S, Olthoff D, Jaschinski U, John S, Rossaint R, Welte
T, Schaefer M, Kern P, Kuhnt E, Kiehntopf M, Hartog C, Natanson C, Loeffler M,
Reinhart K; German Competence Network Sepsis (SepNet). Intensive insulin therapy
and pentastarch resuscitation in severe sepsis. N Engl J Med. 2008; 10:125-39.
Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P. Canadian Critical Care
Clinical Practice Guidelines Committee Canadian Clinical Practice Guidelines for
nutrition support in mechanically ventilated critically ill adult patients. JPEN J
Parenter Enteral Nutr 2003 ; 27: 355-373 Update 2015.

Battistella FD, Widergren JT, Anderson JT, Siepler JK, Weber JC, MacColl K A
prospective, randomized trial of intravenous fat emulsion administration in trauma
victims requiring total parenteral nutrition. J Trauma 1997; 43: 52-58.

Kreymann KG, Heyland DK, de Heer G, Elke G Intravenous fish oil in critically ill and
surgical patients - Historical remarks and critical appraisal. Clin Nutr 2018; 37:
1075-1081.

Heller AR, Réssler S, Litz RJ, Stehr SN, Heller SC, Koch R, Koch T Omega-3 fatty
acids improve the diagnosis-related clinical outcome. Crit Care Med 2006; 34: 972-
979.

Pradelli L, Mayer K, Muscaritoli M, Heller AR n-3 fatty acid-enriched parenteral
nutrition regimens in elective surgical and ICU patients: a meta-analysis. Crit Care
2012; 16:R184.

Copyright © by ESPEN LLL Programme 2019
15


http://www.ncbi.nlm.nih.gov/pubmed/18184958
http://www.ncbi.nlm.nih.gov/pubmed/18184958

53.

54,

55.

56.

57.

58.

59.

60.

Grass F, Benoit M, Coti Bertrand P, Sola ], Schafer M, Demartines N, Hibner M.
Nutritional status deteriorates postoperatively despite preoperative nutritional
support. Ann Nutr Metab 2016; 68: 291 - 297.

Haverkort EB, Binnekade JM, de Haan RJ], Busch OR, van Berge Henegouwen MI,
Gouma DJ Suboptimal intake of nutrients after esophagectomy with gastric tube
reconstruction. J Acad Nutr Diet 2012: 112:1080-1087.

Heneghan HM, Zaborowski A, Fanning M, McHugh A, Doyle S, Moore ], Ravi N,
Reynolds JM. Prospective study of malabsorption and malnutrition after esophageal
and gastric cancer surgery. Ann Surg 2015; 262: 803 - 808.

Gupta V Benefits versus risks: a prospective audit. Feeding jejunostomy during
esophagectomy. World J Surg 2009; 33: 1432-1438.

Ryan AM, Rowley SP, Healy LA, Flood PM, Ravi N, Reynolds JA. Post-oesophagectomy
early enteral nutrition via a needle catheter jejunostomy: 8-year experience at a
specialist unit. Clin Nutr 2006; 25: 386-393.

Smedley F, Bowling T, James M, Stokes E, Goodger C, O  Connor O, Oldale C, Jones
P, Silk D. Randomized clinical trial of the effects of preoperative and postoperative
nutritional supplements on clinical course and cost of care. Br J Surg 2004; 91: 983-
990.

Elia M, Normand C, Norman K, Laviano A A systematic review of the cost and cost
effectiveness of using standard oral nutritional supplements in the hospital setting.
Clin Nutr 2016; 53: 125-137.

Beattie AH, Prach AT, Baxter JP, Pennington CR A randomized controlled trial
evaluating the use of enteral nutritional supplements postoperatively in malnourished
surgical patients. Gut 2000; 46: 813-81.

Copyright © by ESPEN LLL Programme 2019
16



