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s u m m a r y

Early oral feeding is the preferred mode of nutrition for surgical patients. Avoidance of any nutritional

therapy bears the risk of underfeeding during the postoperative course after major surgery. Considering

that malnutrition and underfeeding are risk factors for postoperative complications, early enteral feeding

is especially relevant for any surgical patient at nutritional risk, especially for those undergoing upper

gastrointestinal surgery. The focus of this guideline is to cover nutritional aspects of the Enhanced Re-

covery After Surgery (ERAS) concept and the special nutritional needs of patients undergoing major

surgery, e.g. for cancer, and of those developing severe complications despite best perioperative care.

From a metabolic and nutritional point of view, the key aspects of perioperative care include:

� integration of nutrition into the overall management of the patient

� avoidance of long periods of preoperative fasting

� re-establishment of oral feeding as early as possible after surgery

� start of nutritional therapy early, as soon as a nutritional risk becomes apparent

� metabolic control e.g. of blood glucose

� reduction of factors which exacerbate stress-related catabolism or impair gastrointestinal function

� minimized time on paralytic agents for ventilator management in the postoperative period

� early mobilisation to facilitate protein synthesis and muscle function

The guideline presents 37 recommendations for clinical practice.

© 2017 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.
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1. Preliminary remarks e Principles of metabolic and

nutritional care

In order to make proper plans for the nutritional support of

patients undergoing surgery, it is essential to understand the basic

changes in metabolism that occur as a result of injury, and that a

compromised nutritional status is a risk factor for postoperative

complications. Starvation during metabolic stress from any type of

injury differs from fasting under physiological conditions [1]. Sur-

gery itself leads to inflammation corresponding with the extent of

the surgical trauma, and leads to a metabolic stress response. To

achieve appropriate healing and functional recovery (“restitutio ad

integrum”) a metabolic response is necessary, but this requires

nutritional therapy especially when the patient is malnourished

and the stress/inflammatory response is prolonged. The negative

effect of long term caloric and protein deficits on outcome for

critically ill surgical patients has been shown again recently [2]. The

success of surgery does not depend exclusively on technical sur-

gical skills, but also onmetabolic interventional therapy, taking into

account the ability of the patient to carry a metabolic load and to

provide appropriate nutritional support. In patients with cancer,

management during the perioperative period may be crucial for

long-term outcome [3,4].

Surgery, like any injury, elicits a series of reactions including

release of stress hormones and inflammatory mediators, i.e. cyto-

kines. The cytokine response to infection and injury, the so-called

“Systemic Inflammatory Response Syndrome”, has a major impact

on metabolism. The syndrome causes catabolism of glycogen, fat

and proteinwith release of glucose, free fatty acids and amino acids

into the circulation, so that substrates are diverted from their

normal purpose of maintaining peripheral protein (especially

muscle) mass, to the tasks of healing and immune response [5,6].

The consequence of protein catabolism is the loss of muscle tissue

which is a short and long-term burden for functional recovery

which is considered the most important target [7]. In order to spare

protein stores, lipolysis, lipid oxidation, and decreased glucose

oxidation are important survival mechanisms [8]. Nutritional

therapy may provide the energy for optimal healing and recovery,

but in the immediate postoperative phase may only minimally

counteract muscle catabolism, or not at all. To restore peripheral

protein mass the body needs to deal with the surgical trauma and

possible infection adequately. Nutritional support/intake and

physical exercise are prerequisites to rebuild peripheral protein

mass/body cell mass.

Patients undergoing surgery may suffer from chronic low-grade

inflammation as in cancer, diabetes, renal and hepatic failure [9].

Other non-nutritional metabolic factors interfering with an

adequate immune response have to be taken into account and,

whenever possible, corrected or ameliorated before surgery. These

are diminished cardio-respiratory organ function, anaemia, acute

and chronic intoxications (e.g. alcohol, recreational drugs), medical

treatment with anti-inflammatory and cytotoxic drugs.

The surgeon has to balance the extent of surgery according to

nutritional state, inflammatory activity and anticipated host

response. Severe pre-existing inflammation and sepsis influence

healing negatively (wounds, anastomoses, immune function, etc.)

but also decrease the benefit of nutritional therapy. Severely

malnourished patients may exhibit an adynamic form of sepsis

with hypothermia, leukopenia, somnolence, impaired wound

healing and pus production, altogether leading to slow deteriora-

tion and mortality. In this situation nutritional therapy will not

maintain or build up muscle mass but may restore an adequate

stress response, promoting the chances of recovery. Awareness for

the impaired inflammatory stress response means limiting the

extent of the surgical trauma and may lead to uneventful recovery.

Severely compromised patients should receive perioperative

nutritional therapy of longer duration or when acute intervention is

required, surgery should be limited or minimally invasive

interventional techniques should be preferred to relieve infec-

tion/ischaemia.

In order to optimize the mildly malnourished patient short-

term (7e10 days) nutritional conditioning has to be considered.

In severely malnourished patients longer periods of nutritional

conditioning are necessary and this should be combined with

resistance exercise. In the truly infected patient immediately

dealing with the focus of sepsis (“source control”) should have

priority and no major surgery should be performed (risky anasto-

moses, extensive dissections etc.). Definitive surgery should be

performed at a later stage when sepsis has been treated adequately.

In elective surgery it has been shown that measures to reduce

the stress of surgery can minimize catabolism and support anab-

olism throughout surgical treatment and allow patients to recover

substantially better and faster, even after major surgical operations.

Such programmes for Fast Track surgery [10] later developed into

Enhanced Recovery after Surgery (ERAS). A series of components

that combine to minimize stress and to facilitate the return of

function have been described: these include preoperative prepa-

ration andmedication, fluid balance, anaesthesia and postoperative

analgesia, pre- and postoperative nutrition, and mobilization

[5,11e13]. The ERAS programmes have now become a standard in

perioperative management that has been adopted in many coun-

tries across several surgical specialties. They were developed in

colonic operations [11,14e17] and are now being applied to all

major operations. ERAS programmes have been also successful in

promoting rapid “functional” recovery after gastrectomy [18],

pancreatic resections [19,20], pelvic surgery [21,22], hysterectomy

[23], gynaecologic oncology [24]. In times of limitations in health

care economy ERAS is also a reasonable contribution for the pur-

pose of saving resources [25]. ERAS protocols have been also shown

to be safe and beneficial in the elderly [26]. High adherence to ERAS

protocols may be associated with improved 5-year cancer specific

survival after major colorectal surgery [4].

Important abbreviations and terms

BM biomedical endpoints

EN enteral nutrition (enteral tube feeding)

ERAS enhanced recovery after surgery

ESPEN European Society for Clinical Nutrition and

Metabolism

HE health care economy endpoint

IE integration of classical and patient-reported

endpoints

ONS oral nutritional supplements

PN parenteral nutrition

QL quality of life

TF tube feeding

Normal food/normal nutrition normal diet as offered by the

catering system of a hospital

including special diets

Perioperative nutrition period starting prior to surgery from

hospital admission until discharge

after surgery
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As a key component of ERAS, nutritional management is an

inter-professional challenge. The ERAS programmes also include a

metabolic strategy to reduce perioperative stress and improve

outcomes [12]. While early oral feeding is the preferred mode of

nutrition, avoidance of any nutritional therapy bears the risk of

underfeeding during the postoperative course after major surgery.

Keeping in mind that the nutritional status is a risk factor for

postoperative complications, this is especially relevant for patients

at nutritional risk and those undergoing upper gastrointestinal (GI)

surgery. For this reason, ERAS guidelines recommend liberal sub-

scription of oral supplements pre- and postoperatively. Equally

ERAS protocols support early oral intake for the return of gut

function.

From a metabolic and nutritional point of view, the key aspects

of perioperative care include:

� integration of nutrition into the overall management of the

patient

� avoidance of long periods of preoperative fasting

� re-establishment of oral feeding as early as possible after

surgery

� start of nutritional therapy early, as soon as a nutritional risk

becomes apparent

� metabolic control e.g. of blood glucose

� reduction of factors which exacerbate stress-related catabolism

or impair gastrointestinal function

� minimize time on paralytic agents for ventilator management in

the postoperative period

� early mobilisation to facilitate protein synthesis and muscle

function.

1.1. Nutrition therapy

Nutrition therapy. Synonym: nutritional support is defined ac-

cording to the European Society for Clinical Nutrition and Meta-

bolism (ESPEN) [27,28]:

Nutrition therapy is the provision of nutrition or nutrients either

orally (regular diet, therapeutic diet, e.g. fortified food, oral nutri-

tional supplements) or via enteral nutrition (EN) or parenteral

nutrition (PN) to prevent or treat malnutrition. “Medical nutrition

therapy is a term that encompasses oral nutritional supplements,

enteral tube feeding (enteral nutrition) and parenteral nutrition”

[27]. Enteral and parenteral nutrition have traditionally been called

artificial nutritional support. Nutrition therapies are individualized

and targeted nutrition care measures using diet or medical

nutrition therapy. Dietary advice or nutritional counselling can be

part of a nutrition therapy.

In the surgical patient, the indications for nutritional therapy are

prevention and treatment of catabolism and malnutrition. This af-

fects mainly the perioperative maintenance of nutritional state in

order to prevent postoperative complications [29]. Therapy should

start as a nutritional risk becomes apparent. Criteria for the success

of the “therapeutic” indication are the so-called “outcome” pa-

rameters of mortality, morbidity, and length of hospital stay, while

taking into consideration economic implications. The improvement

of nutritional status and functional recovery including quality of life

are most important nutritional goals in the late postoperative

period.

Nutrition therapy may be indicated even in patients without

obvious disease-related malnutrition, if it is anticipated that the

patient will be unable to eat or cannot maintain appropriate oral

intake for a longer period perioperatively. In these situations,

nutrition therapy may be initiated without delay. Altogether, it is

strongly recommended not to wait until severe disease-related

malnutrition has developed, but to start nutrition therapy early,

as soon as a nutritional risk becomes apparent.

Nutritional care protocols for the surgical patient must include

� a detailed nutritional and medical history that includes body

composition assessment

� a nutrition intervention plan

� an amendment of the intervention plan, where appropriate

� clear and accurate documentation assessment of nutritional and

clinical outcome

� resistance exercise whenever possible

Therefore, as a basic requirement a systematic nutritional risk

screening (NRS) has to be considered in all patients on hospital

admission [30]. The items of the NRS comprise BMI <20.5 kg/m2,

weight loss >5% within 3 months, diminished food intake, and

severity of the disease. In older adults comprehensive geriatric

assessment is necessary and should definitely include NRS [31].

In order to improve oral intake documentation of food intake is

necessary and nutritional counselling should be provided as

needed. Oral nutritional supplements (ONS) and EN (tube feeding)

as well as PN offer the possibility to increase or to ensure nutrient

intake in case of insufficient oral food intake.

1.2. Preoperative nutritional care

1.2.1. Nutritional “metabolic” risk and disease-related malnutrition

Assessment before surgery means risk assessment according to

pathophysiology [32]. Severe undernutrition has long been known

to be detrimental to outcome [33e36]. Malnutrition is generally

considered to be associated with starving and lack of food. Its

presence in the Western world with an increasing percentage of

obese people is frequently neither realized nor well understood.

Disease Related Malnutrition (DRM) is more subtle than suggested

by the World Health Organization (WHO) definition of undernu-

trition with a body mass index (BMI) < 18.5 kg/m2 (WHO) [28,37].

Disease related weight loss in patients who are overweight is not

necessarily associated with a low BMI. However, this weight loss

results in changes in body composition with a loss of fat free mass

inducing a “metabolic risk” which has to be kept in mind for pa-

tients undergoing major surgery with special regard to cancer.

Additionally, chronic low-grade inflammation may be a component

of malnutrition [9].

ESPEN has recently defined diagnostic criteria for malnutrition

according to two options [28]

� option 1: BMI <18.5 kg/m2

� option 2: combined: weight loss >10% or >5% over 3months and

reduced BMI or a low fat free mass index (FFMI).

Reduced BMI is <20 or <22 kg/m2 in patients younger and older

than 70 years, respectively. Low FFMI is <15 and <17 kg/m2 in

females and males, respectively.

Because DRM is frequently not recognized and therefore

untreated, metabolic factors will usually not be considered for the

critical analysis of surgical morbidity and outcome. In traditional

surgical care many retrospective and prospective studies (Refer-

ences in ESPEN guidelines 2006, [38]) have shown clearly the

prognostic influence of nutritional status on complications and

mortality. A systematic review of ten studies revealed a validated

nutritional tool a predictor for length of hospital stay in gastroin-

testinal cancer patients requiring surgery [39]. DRM is also relevant

for outcome after organ transplantation (see references [38]). Data

from the European “NutritionDay” in about 15,000 patients clearly

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 625



showed that “metabolic risk” is a factor for hospital mortality, with

special focus on the elderly [40].

According to the prospective data from a multicentre trial, most

patients at risk will be found in hospital in the departments of

surgery, oncology, geriatrics, and intensive care medicine. The

univariate analysis revealed significant impact for the hospital

complication rate: severity of the disease, age >70 years, surgery

and cancer [41]. Bearing in mind the demographic development in

the Western world, surgeons will have to deal with an increased

risk of developing complications in the elderly undergoing major

surgery for cancer.

The metabolic risk associated with DRM can be detected easily

by the “Nutritional Risk Score” [30]. This tool has been validated

prospectively in recent studies for surgical patients as well [41,42].

Recently, one study reported that a lower food intake before

hospital admission alone was an even better risk predictor than

NRS [43]. A systematic review of 15 studies on elderly general

surgery patients (>65 years) from 1998 to 2008 revealed that

weight loss and serum albumin concentration were predictive pa-

rameters for postoperative outcome [44]. This has been confirmed

in a recent cohort study of patients undergoing major upper

gastrointestinal surgery [7].

For clinical practice these data emphasize:

� screening for malnutrition (e.g. Nutritional Risk Screening e

NRS) on admission or first contact

� observation and documentation of oral intake

� regular follow-up of weight and BMI

� nutritional counselling

Preoperative serum albumin is a prognostic factor for compli-

cations after surgery [7,45e50] and also associated with impaired

nutritional status. Therefore, albumin may also be considered to

define surgical patients at severe nutritional risk by the presence of

at least one of the following criteria:

� weight loss >10e15% within 6 months

� BMI <18.5 kg/m2

� Subjective Global Assessment (SGA) Grade C or NRS >5

� preoperative serum albumin <30 g/l (with no evidence of he-

patic or renal dysfunction).

For patients at high risk preoperative conditioning has been a

traditional approach to optimize the patient's status before major

elective surgery. After earlier surgerywith infectious complications,

at least 6 weeks and sometimes longer may be required to restore a

metabolic and nutritional state allowing a successful reoperation

[51,52]. In case of severe metabolic risk 10e14 days of nutritional

therapy may be beneficial, but without measurable change in body

composition or serum albumin concentration. While this concept

focuses on EN or PN support only, “prehabilitation” has been

recently introduced, and is an inter-professional multimodal

approach [5]. The premise of the multimodal prehabilitation

approach with a nutrition and physical exercise component 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 [53,54]. The training of inspiratory muscles was

also associated with decreased postoperative pulmonary

complications.

While physical activity is the main part of this multimodal

prehabilitation programme, other functional reserve factors need

to be included, such as adequate nutrition, medical and pharma-

cological optimization and relaxation techniques. There is strong

evidence supporting prehabilitation to mitigate the side effects of

therapy in patients with cancer [55]. Meaningful changes in func-

tional capacity take 4e5weeks of prehabilitation andwere recently

shown for patients undergoing liver resection [56]. Patients with

low functional and physiological reserve such as the elderly, frail,

sarcopenic and cancer patients could benefit more from pre-

habilitation than other patient populations. This possibility needs

to be studied. Further studies with special regard to elderly cancer

patients are needed to determine the impact of prehabilitation as

part of the preoperative optimization on postoperative outcome

(complications, length of hospital stay, readmission rate).

“Metabolic conditioning” of the patient focuses on prevention

and treatment of insulin resistance, which is also a measure to

reduce complications after major surgery. Preoperative carbohy-

drates may reduce insulin resistance, prevent hypoglycaemia and

may reduce stress. Focussing on the magnitude of stress-induced

inflammation and the ability of the patient to generate an

adequate host response has led to the concept of “immunonu-

trition”. So-called “ecoimmunonutrition” using pre- and probiotics

aims at themicrobiome in the gut and the enhancement of mucosal

immunity [57].

1.3. Surgery

To balance the extent of surgery with the ability of the body to

deal with the metabolic load may be a considerable challenge for

the surgeon. This refers to relevant comorbidity with special regard

to the cardiopulmonary capacity and the presence of inflammation

or even more infection and sepsis. If the extent and risk of surgery

are not tailored to the capacity of the patient to generate an

adequate host response, there is a high risk for anastomotic

leakage, infectious/septic complications, and mortality.

After abdominal surgery postoperative ileus may inhibit early

oral food intake. Experimental results demonstrate the impact of

intraoperative manipulation and subsequent panenteric inflam-

mation as the cause of dysmotility [58,59]. This emphasizes the

advantages ofminimal invasive andgentle surgical technique [60] in

order tominimize the trauma and favours laparoscopic surgery [61].

Traditionally, many patients undergoing major gastrointestinal

resections receive large volumes of crystalloids intravenously dur-

ing and after surgery. Excess fluid administration would result in

several kilos in weight gain and even oedema [62]. This was shown

to be a major cause for postoperative ileus and delayed gastric

emptying [63] and development of complications [64]. When fluids

were titrated to the amount needed to maintain intravascular

volume, blood pressure and (modest) urine production balance,

gastric emptying returned sooner and patients were capable of

tolerating oral intake and had bowel movements several days

earlier than those with a strongly positive balance, amounting to

8e10 L during operation and the three days after operation [63,64].

The surgeon should anticipate the ability of the patient for

appropriate postoperative oral feeding. If considerable problems

may be foreseen, the operation offers a unique chance to create safe

access for long-term nutrition. Therefore, it may be reasonable to

place a nasojejunal tube or needle catheter jejunostomy (NCJ) for

EN at the end of major gastrointestinal surgery.

1.4. Postoperative management of metabolism and gut function

Insulin resistance is a response mechanism to starvation pre-

dominantly caused by the inhibition of glucose oxidation. It is a

protein sparing evolutional “survival”mechanism [8]. Some degree

of insulin resistance develops after all kinds of surgery, but its

severity is related to the magnitude of the operation and devel-

opment of complications e.g. sepsis.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650626



Several measures, with additive effects, may contribute to a

reduction in insulin resistance, including pain relief [65], contin-

uous epidural analgesia using local anaesthetics [66], and prepa-

ration of the patient with preoperative carbohydrates two to three

hours before surgery. This has implications for nutritional man-

agement since patients with marked insulin resistance cannot

tolerate feeding without developing hyperglycaemia, necessitating

the use of insulin to limit hyperglycaemia.

Using this approach of preoperative carbohydrate loading and

continuous epidural analgesia, and immediate postoperative com-

plete enteral feeding in patients undergoing colorectal surgery,

postoperative insulin resistance was reduced greatly. Glucose

concentrations were maintained within the normal range during

feeding without any exogenous insulin, and nitrogen losses were

also reduced [67]. Another factor that affects tolerance of normal

food or EN directly is postoperative ileus, which may be exacer-

bated and prolonged by opiates and errors in fluid management

[58]. The effect of opioids, used for pain relief, can be avoided or

substantially minimized in open surgery by the use of epidural

analgesia instead [10e12]. Nasogastric or nasojejunal decompres-

sion does not facilitate the recovery of bowel function or reduce the

risk of postoperative complications even after gastrectomy [68].

Functional recovery is clearly related to the tolerance of oral

food intake, restored gastrointestinal motility, and mobilization.

During the postoperative course, this should be observed carefully

and documented by the surgical team. Vomiting and/or abdominal

meteorism, accompanied by an elevation of inflammatory param-

eters like C-reactive protein (CRP) may be first signals of a

complicated course e.g. anastomotic leakage or intraabdominal

abscess. This has to be excluded by appropriate diagnostic mea-

sures. In order to assess metabolic recovery the CRP/Albumin ratio

is a promising new prognostic parameter which has to be validated

in the future [69]. Another important parameter is whether the

patient has reached the “turning point” successfully. In uneventful

recovery after 2e3 days the fluid balance changes from positive to

negative. The inflammatory effect of the surgical trauma leads to

increased capillary escape of fluid, electrolytes and plasma proteins

into the interstitium, which reverts when inflammation subsides

leading to re-entry of interstitial fluid into the vascular space. This

leads to overhydration and increased urinary output if patients

have good renal and cardiac function. Interestingly the increase in

interstitial volume and the vascular volume represent the distri-

bution volume of albumin electrolytes and other plasma elements,

explaining the rapid decrease in albumin concentration after sur-

gery and increase 3 days after uneventful major surgery. A persis-

tently low, even decreasing or increasing serum albumin

concentration is, therefore, a good parameter of whether recovery

is successful or not [70]. The magnitude of the postoperative sys-

temic inflammatory response shown in the CRP may be even

significantly associated with long-term outcome after surgery in-

dependent of postoperative complications or disease stage [71].

1.5. Evidence of nutritional therapy

There is evidence that malnutrition is associated with worse

outcome, and it is evident that major surgical stress and traumawill

induce catabolism. The extent of catabolism is clearly related to the

magnitude of surgical stress but also to the outcome. In complex

medical conditions like the perioperative patient undergoing major

surgery, the geriatric patient or in the critically ill the outcome will

be clearly related to multiple associated factors. Regarding a nutri-

tional intervention an existing effect may be too weak to show sig-

nificant impact in a prospective controlled randomized studywith a

feasible number of patients to be included, even in a multicenter

setting. However, the combination of the nutritional intervention

with some other therapeutic items as a “treatment bundle” like in

the ERAS programme may show significant benefit [72].

The evidence for nutritional therapy interventions in surgical

patients has been critically assessed in several meta-analyses and

Cochrane Database Systematic Reviews [73,74]. There is consider-

able heterogeneity and inconsistency. In many aspects the evidence

is still of low quality and is unconvincing. There are many short-

comings in these studies and subsequent meta-analyses. Most did

not select patients at nutritional risk for inclusion. Of course, there

is need for morewell-designed randomized controlled trials (RCTs),

sufficiently powered in homogenous groups of patients with clearly

defined endpoints. It is the typical dilemma that Gerritsen et al.

demonstrated with a systematic review of 15 studies with 3474

patients that there is no evidence to support either enteral or

parenteral feeding after pancreatoduodenectomy [73]. The study

suggested that an oral diet should be the first choice of feeding in

these patients. However the quality of the studies was too low to

perform a meta-analysis. Soeters et al. have recently criticized that

strong reliance on meta-analyses and guidelines will shift the focus

away from studying clinical and nutritional physiology [1]. The

authors of the present guideline share this emphasis on physiologic

knowledge to personalize nutrition in clinical practice. Clinical

observation with a “metabolic” view will remain mandatory.

2. Methodology

2.1. Aim of the guideline

The guideline is a basic framework of evidence and expert

opinion aggregated in a structured consensus process. The idea is to

cover nutritional aspects of the ERAS concept, that is aimed at most

patients undergoing surgery and covers their nutritional needs, and

also the special nutritional needs of patients at risk that is based on

the traditional principles of metabolic and nutritional care.

Therefore, this guideline focuses on the issue of nutritional

support therapy in patients at risk being unable to cover appro-

priately by oral intake their energy requirements for a longer period

of time. The working group attempted to summarize the evidence

from a metabolic point of view and to give recommendations for

� surgical patients at nutritional risk

� those undergoing major surgery, e.g. for cancer

� those developing severe complications despite best periopera-

tive care

2.2. Methodology of guideline development

This is the update of the ESPEN Guideline for Enteral Nutrition:

Surgery and Transplantation from 2006 [38] the ESPEN Guideline

for Parenteral Nutrition: Surgery from 2009 [105] and the Guideline

of the German Society for Nutritional Medicine (DGEM) Clinical

Nutrition in Surgery from 2013 [75]. Both ESPEN guidelines were

merged. The guideline update was developed by an expert group of

surgeons of different specialties including an anaesthesist and an

internist. All members of the working group had declared their

individual conflicts of interest according to the rules of the Inter-

national Committee of Medical Journal Editors (ICMJE).

The guideline was developed in accordance with official stan-

dards of the Guideline International Network (GIN) and based on all

relevant publications since 1980 e in the update since 2006 (the

German DGEMGuideline had included the period 2006e2012). The

process followed in detail the ESPEN Standard Operative Procedure

for the development of guidelines [76].

During the working process the internet portal www.guideline-

services.com provided access to the draft and the literature at any
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time exclusively for members of the working group. Revisions of

the first drafts incorporating the points discussed were prepared by

the working groups and were made available to the other ESPEN

Guidelineworking groups on the internet platform for commenting

and voting (Delphi technique). The updated recommendations and

the first voting were intensively discussed in a consensus confer-

ence on April 18, 2016 and accepted after revision by voting consent

of at least 95% the same day.

2.3. Search strategy

The Embase, PubMed and Cochrane Library databases were

searched for studies and systematic reviews published between

2010 and 2015 using a broad filter with the key words “enteral

nutrition AND surgery” and “parenteral nutrition AND surgery”

(Table 1). Further key words were “immunonutrition” and “bar-

iatric surgery AND nutrition” (see Table 1). Only articles published

in English and German, and studies in humans were considered. All

fields were covered. Additionally, RCTs, meta-analyses, and sys-

tematic reviews were hand-searched for studies that were missed

in the initial database search. The search for literature was updated

several times during the working process for the last time on

October 31, 2016. According to the abstracts all studies considered

to be appropriate were listed with the pdf file in the internet portal

and, therefore, available for all members of the working group at

any time. Practice guidelines were assessed using the DELBI in-

strument (Deutsches Leitlinien Bewertungs Instrument).

The quality and strength of the supporting evidence was graded

according to the criteria of the Scottish Intercollegiate Guidelines

Network (SIGN) (Scottish) and the Agency for Health Care Policy

and Research (AHCPR). This grading system relies primarily on

studies of high quality, i.e. prospective RCTs. Evidence levels were

then translated into recommendations, taking into account study

design and quality as well as consistency and clinical relevance

(Tables 2e4). The highest grade (A) is assigned to recommendations

which are based on at least one RCT whereas the lowest recom-

mendation (0) is based on expert opinion, including the view of the

working groups. These two grading systems were chosen because

they were used in the German guideline development and were

proposed in the German Manual for Clinical Practice Guidelines

[AWMF 2001]. For the update RCTs were assessed in part by using

the AWMF template (see Table 4).

Those areas where guidelines are being classified as being based

on class IV data reflect an attempt to make the best recommen-

dations possible within the context of the available data and expert

clinical experience. Some of the recommendations of these guide-

lines were developed on the basis of expert opinion because of the

ethical dilemma of conducting prospective RCTs involving patients

at risk of starvation.

In the case of inconsistent data the following approach was

chosen. The recommendationswere not only based on the evidence

levels of the studies but also on the judgement of the working

group concerning the consistency, clinical relevance and validity of

the evidence [77]. For perioperative enteral and parenteral immu-

nonutrition several systematic reviews and meta-analyses had

been published in the past years. These meta-analyses were ana-

lysed by an external methodologist from the €Arztliches Zentrum für

Qualit€at in der Medizin (€AZQ). The guideline recommendations

were based on this €AZQ report [78].

Using a new approach to differentiate outcome parameters [72],

the recommendations were weighed according to the type of

evidence-based endpoints: biomedical, multidimensional, health

economy, and quality of life.

The draft was reviewed by two senior surgeons and Professors

Emeriti Federico Bozzetti (Milan, Italy) and Peter Soeters (Maas-

tricht, The Netherlands), who were not involved in the guideline

development themselves and had also declared their conflicts of

interest.

3. Basic questions

3.1. Is preoperative fasting necessary?

Recommendation 1:

Preoperative fasting frommidnight is unnecessary in most patients.

Patients undergoing surgery, who are considered to have no specific

risk of aspiration, shall drink clear fluids until two hours before

anaesthesia. Solids shall be allowed until six hours before anaesthesia

(BM, IE, QL).

Grade of recommendation A e strong consensus (97% agreement)

Table 1

Criteria for systematic search for literature e databases and keywords.

Publication date From 01.01.2010 to 17.05.2015

Language English, German

Databases Medline, EMBASE, Pubmed, Cochrane

Filter “human”

Publication type Original publications, practice guidelines,

recommendations, meta-analyses, systematic

reviews, randomized controlled trials,

observational studies

Default keywords Enteral nutrition AND surgery, parenteral nutrition

AND surgery, Nutrition AND elective surgery,

Nutritional risk

Enteral nutrition AND surgery

Parenteral nutrition AND surgery

Perioperative nutrition

Perioperative nutritional support

Preoperative nutrition

Postoperative nutrition

Optional keywords Bariatric surgery AND nutrition

Transplantation AND nutrition

Oral nutritional supplements AND surgery

Sip feeding AND surgery

Immunonutrition AND surgery

Pharmaconutrition AND surgery

Glutamine AND surgery

Arginine AND surgery

Fish oil AND surgery

Omega-3-fatty acids AND surgery

Probiotics AND surgery

Prebiotics AND surgery

Tube feeding AND surgery

Fine-needle-catheter jejunostomy

Feeding jejunostomy

Jejunostomy

Table 2

Levels of evidence.

1þþ High quality meta-analyses, systematic reviews of RCTs, or RCTs with

a very low risk of bias

1þ Well-conducted meta-analyses, systematic reviews, or RCTs with a

low risk of bias

1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias

2þþ High quality systematic reviews of case control or cohort studies. High

quality case control or cohort studies with a very low risk of

confounding or bias and a high probability that the relationship is

causal

2þ Well conducted case control or cohort studies with a low risk of

confounding or bias and a moderate probability that the relationship

is causal

2- Case control or cohort studies with a high risk of confounding or bias

and a significant risk that the relationship is not causal

3 Non-analytic studies, e.g. case reports, case series

4 Expert opinion
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Commentary:

There is no evidence that patients given clear fluids up to two

hours before elective operations are at any greater risk of aspiration

or regurgitation than those fasted for the traditional 12 h or longer,

since clear fluids empties the stomach within 60e90 min [79]

(1þþ), [80,81] (both 1þ). Many national anaesthesia societies

have changed their fasting guidelines [82e84] and now recom-

mend that patients may drink clear fluids up to two hours before

anaesthesia for elective surgery. Exceptions to this recommenda-

tion are patients “at special risk”, undergoing emergency surgery,

and thosewith known delayed gastric emptying for any reason [79]

or gastro-oesophageal reflux [81 (1þþ). Since the implementation

of these guidelines, there has been no report of a dramatic rise in

the incidence of aspiration, regurgitation, or associated morbidity

or mortality. Avoidance of fasting is also a key component of ERAS.

Allowing intake of clear fluids including coffee and tea minimizes

the discomfort of thirst and headaches fromwithdrawal symptoms.

3.2. Is preoperative metabolic preparation of the elective patient

using carbohydrate treatment useful?

Recommendation 2:

In order to reduce perioperative discomfort including anxiety oral

preoperative carbohydrate treatment (instead of overnight fasting) the

night before and two hours before surgery should be administered (B)

(QL). To impact postoperative insulin resistance and hospital length of

stay, preoperative carbohydrates can be considered in patients un-

dergoing major surgery (0) (BM, HE).

Consensus Conference: Grade of recommendation A/B e strong

consensus (100% agreement)- downgraded by the working group

during the finalization process according to the very recent meta-

analysis [102] (with 100% agreement within the working group

members)

Commentary:

Preoperative intake of a carbohydrate drink (so-called “CHO-

loading”) with 800 ml the night before and 400 ml before surgery

does not increase the risk of aspiration [79,84,85]. Fruit-based

lemonade may be considered a safe alternative with no difference

in gastric emptying time [86] (2þþ).

Oral carbohydrates have been reported to improve post-

operative well being [87e90]. Two studies have investigated the

effect of a preoperative carbohydrate drink (CHO) on postoperative

nausea and vomiting (PONV) in patients undergoing laparoscopic

cholecystectomy [91,92] (both 1þ). One showed a reduction in

PONV with CHO compared to fasting, while neither showed a clear

difference between CHO and placebo [91,92] (both 1þ).

In colorectal patients, the intake of a hypo-osmolar 12.5%

carbohydrate rich drink has been shown to reduce postoperative

insulin resistance [67,93] (both 1þ). In another PRCT no

improvement of the grip strength was found within the first

seven days postoperatively [89] (1þ). With regard to the control

group cardiac ejection fraction and psychosomatic status proved

to be significantly better. In the patients of the control group with

conventional fasting insulin resistance significantly increased

what was not observed in der CHO-group. Complication rate and

hospital length of stay between CHOe and control group did not

differ [89] (1þ). In several studies so called insulin resistance has

been determined using methods based in basal fasting glucose

and insulin. These methods, HOMA (Homeostasis Model Asses-

ssment) and QUICKI (Quantitative Insulin Sensitivity Check Index)

do not capture insulin resistance and hence these methods

measure something different from the true method of determi-

nation the hyperinsulinemic euglycemic clamping [94]. In the

latter study “insulin resistance” was measured by QUICKI. In

another PRCT with 36 patients undergoing elective colorectal

(fasting vs. water vs. maltodextrin drink) surgery showed a

significantly shorter length of hospital stay (study drink vs. water,

p ¼ 0.019) and a tendency for earlier recovery of gut function [95]

(1þ). A PRCT with 142 patients undergoing open colorectal or

liver surgery did not reveal any significant advantage for the CHO

drink with regard to early postoperative plasma glucose sensi-

tivity, insulin resistance (HOMA), and inflammation (C reactive

protein). However, plasma cortisol level was significantly lower on

pod 1, which might be related to stress reduction. Within a

postoperative 28 days observation period no difference was found

for grip strength and mean arm circumference [96] (1þ). It may

be criticised that epidural analgesia was not performed in all

patients and that open and laparoscopic cases were mixed in both

treatment groups thereby widening the variation in length of stay.

Three studies in cardiac surgery patients, which examined the

influence of preoperative oral CHO on postoperative insulin sensi-

tivity as primary outcome, could not show a significant influence

Table 3

Grades of recommendations (SIGN).

A 1þþ or 1þ At least one meta-analysis, systematic review, or RCT rated as 1þþ, and directly applicable to the target population; or

A body of evidence consisting principally of studies rated as 1þ, directly applicable to the target population, and

demonstrating overall consistency of results

B 2þþ or 2þ A body of evidence including studies rated as 2þþ, directly applicable to the target population; or a body of evidence

including studies rated as 2þ, directly applicable to the target population and demonstrating overall consistency of results: or

extrapolated evidence from studies rated as 1þþ or 1þ.

0 3 or 4 Evidence level 3 or 4; or extrapolated evidence from studies rated as 2þþ or 2þ

GPP Good practice points. Recommended best practice based on the clinical experience of the guideline development group

Table 4

Forms of recommendation.

Judgement Recommendation

Undesirable consequences clearly outweigh desirable consequences Strong recommendation against

Indesirable consequences probably outweigh desirable consequences Conditional recommendation against

Balance between desirable and undesirable consequences is closely balanced

or uncertain

Recommendation for research and possibly conditional recommendation for

use restricted to trials

Desirable consequences probably outweigh undesirable consequences Conditional recommendation for

Desirable consequences clearly outweigh undesirable consequences Strong recommendation for

Terminology and definitions follow the ESPEN guidelines [28].
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[97e99] (both 1þ), while gastric emptying was not affected in either

of the studies and PONV increased in one study [97e99] (both 1þ).

A meta-analysis of 21 PRCT on preoperative oral carbohydrate

treatment in elective surgery including 1685 patients showed a

significant reduction of length of hospital stay only in the patients

undergoing major surgery. There was no difference in complication

rates. However, the studies were of low or moderate quality [100]

(1þþ). A recent meta-analysis including 27 PRCT with 1976 pa-

tients confirmed the reduction of length of hospital stay. There was

no clear influence on complication rate after elective surgery. Lack

of adequate blinding in many placebo-controlled studies was dis-

cussed as potential bias [101] (1þþ). Another meta-analysis

including 43 trials with 3110 participants showed only a small

reduction in length of postoperative stay compared with fasting

and no benefit in comparisonwithwater and placebo. No difference

in the postoperative complication rate was observed [102] (1þþ). It

has to be argued that obviously a large number of clinical studies

were analysed including patients with minor surgery and very

short hospital length of stay.

There are preoperative drinks available which are additionally

enriched with glutamine, antioxidants, and green tea extract. In

patients undergoing laparoscopic cholecystectomy supplementa-

tion of glutamine to CHO showed additional advantages with re-

gard to postoperative insulin resistance (HOMA-IR), antioxidant

defence (serum glutathione concentrations), and inflammatory

response (serum-interleukin 6) [103] (1�). In pancreatic surgery

preconditioning with glutamine, antioxidants, and green tea

extract versus placebo significantly elevated plasma vitamin C

concentrations and improved total endogenous antioxidant ca-

pacity without reducing oxidative stress and inflammatory

response [104] (1�). The use of homemade products e.g. sweetened

tea has not been investigated in controlled studies.

In order to avoid any harm CHO drink should not be given in

patients with severe diabetes with special regard to those with

anticipated gastroparesis. CHO drinks are unlikely to be of benefit

in patients with Type I diabetes as they are insulin deficient rather

than insulin resistant, and the drinks may result in hyperglycaemia.

The ESPEN guideline for parenteral nutrition: surgery recom-

mends in patients who cannot be fed enterally, an intravenous

administration of 200 g glucose preoperatively [105]. Positive ef-

fects on postoperative stress adaption were reported after paren-

teral infusion of 1.5e2 g/kg glucose and 1 g/kg amino acids

preoperatively (16e20 h) [106] (2þ).

From pathophysiological considerations, the metabolic impact

of carbohydrate loading is endorsed by the working group with

special regard to those patients undergoing major abdominal sur-

gery. So far, no definite conclusions may be drawn with regard to

the impact on clinical outcome. Further large scale RCTs will be

required.

3.3. Is postoperative interruption of oral nutritional intake

generally necessary after surgery?

Recommendation 3:

In general, oral nutritional intake shall be continued after surgery

without interruption (BM, IE).

Grade of recommendation A e strong consensus (90% agreement)

Recommendation 4:

It is recommended to adapt oral intake according to individual

tolerance and to the type of surgery carried out with special caution to

elderly patients.

Grade of recommendation GPP e strong consensus (100%

agreement)

Recommendation 5:

Oral intake, including clear liquids, shall be initiated within hours

after surgery in most patients.

Grade of recommendation A e strong consensus (100% agreement)

Commentary:

Oral nutrition (balanced hospital diet and/or ONS) can be

initiated, in most cases, immediately after surgery, since neither

oesophago-gastric decompression nor delayed oral intake, even

after cholecystectomy or colorectal resection have proven benefi-

cial [107e109] (both 1þ). Early normal food or EN, including clear

liquids on the first or second postoperative day, does not cause

impairment of healing of anastomoses in the colon or rectum

[109e112] all (1þ), [113] (1þþ), and leads to significantly short-

ened hospital length of stay [114] (1þ). This has been emphasized

by a Cochrane Systematic Review [115] (1þþ). Recent meta-

analyses [116e118] (both 1þþ) showed significant benefits with

regard to postoperative recovery and infection rate. Early post-

operative nutrition is associated with significant reductions in

total complications compared with traditional postoperative

feeding practices and does have a beneficial effect on outcomes

such as mortality, anastomotic dehiscence, resumption of bowel

function, or hospital length of stay [118] (1þþ). Early oral nutrition

is also a key component of ERAS, which demonstrated a signifi-

cantly lower rate of complications and hospital length of stay in

meta-analyses of the randomized studies [15,16] (both 1þþ). Early

oral feeding is also feasible and safe in patients after colorectal

surgery and shortens hospital length of stay outside an ERAS

programme [119] (2þ).

With regard to traditional feeding, a free diet after surgery

resulted in significantly earlier tolerance of an oral diet on pod 2

without higher rate of reinserting a nasogastric tube. No difference

was found for the duration of postoperative ileus, and quality of life

in the early postoperative period [120] (1þ). Even after gastrectomy

omission of nasojejunal tubes led to significantly shorter length of

hospital stay [121] (1þ).

A meta-analysis of 15 studies (eight RCTs) with 2112 adult pa-

tients undergoing upper gastrointestinal surgery showed signifi-

cantly shorter postoperative hospital stay in early orally fed

patients without difference in complications with special regard to

anastomotic leaks [122] (both 1þþ).

In comparisonwith conventional open surgery, early oral intake

is tolerated even better after laparoscopic colonic resection, due to

earlier return of peristalsis and bowel function with this technique

[123] (1�), [124,125] (both 2þþ). However, in combination with

ERAS no differences were found between laparoscopic and con-

ventional open colonic surgery when the full ERAS protocol was

employed [126] (1�). In the multicentre RCT postoperative hospital

length of stay was significantly shorter in the ERAS group under-

going laparoscopic surgery [127] (1þ). A recent meta-analysis

confirmed reduction of major morbidity and hospital stay by

combination of laparoscopic surgery and ERAS [61] (1þþ).

The amount of initial oral intake should be adapted to the state

of gastrointestinal function and to individual tolerance

[110e112,128e130] (all 1þ), [118] (1þþ). Impaired tolerance to

early oral intake in the ERAS group with more nausea, vomiting,

stomach retention, intestinal obstruction and a higher readmission

rate respectively was shown in a comparison of Fast Track surgery

and conventional care in elderly Chinese patients with gastric

cancer (75e89 years) [131] (1�).
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It must be emphasized, that good evidence is available only for

patients undergoing colorectal surgery. With special regard to the

elderly the benefits are less clear in patients undergoing upper

gastrointestinal and pancreatic surgery [131,132] both (1�).

So far, no controlled data are available for patients with oeso-

phageal resection. The study protocol for an ongoing multicentre

study in the Netherlands has been recently published [23].

4. Indication for nutritional therapy

4.1. When is nutritional assessment and therapy indicated in the

surgical patient?

Recommendation 6:

It is recommended to assess the nutritional status before and after

major surgery.

Grade of recommendation GPP e strong consensus (100%

agreement)

Recommendation 7:

Perioperative nutritional therapy is indicated in patients with

malnutrition and those at nutritional risk. Perioperative nutritional

therapy should also be initiated, if it is anticipated that the patient will

be unable to eat for more than five days perioperatively. It is also

indicated in patients expected to have low oral intake and who cannot

maintain above 50% of recommended intake for more than seven days.

In these situations, it is recommended to initiate nutritional therapy

(preferably by the enteral route e ONS-TF) without delay.

Grade of recommendation GPP e strong consensus (92%

agreement)

Commentary:

The influence of nutritional status on postoperative morbidity

and mortality has been documented well in both retrospective

[133e137] (both 2�) and prospective studies [34,46,138e149] (all

2þ). Inadequate oral intake for more than 14 days is associatedwith

a higher mortality [150] (1�).

The energy and protein requirements can be estimated with

25e30 kcal/kg and 1.5 g/kg ideal body weight [105].

Twomultivariate analyses have shown, for hospitalised patients

in general and for those undergoing surgery for cancer in particular,

that undernutrition is an independent risk factor for the incidence

of complications, as well as increased mortality, length of hospital

stay, and costs [50,151] (both 2þþ).

Undernutrition occurs frequently in associationwith underlying

disease (e.g. cancer) or with chronic organ failure [34e36,151e158]

(both 2�) (see respective guidelines). In a prospective multicentre

observational study of patients with gastric cancer [159] (2þ)

dysphagia and gastric outlet obstruction have been shown inde-

pendent factors for the risk of anastomotic leakage after total gas-

trectomy. Nutritional status also influences outcome after

transplantation [36,160e168] (all 2þ) as well as increasing the

morbidity and mortality in geriatric patients undergoing surgery

[40] (2þ).

The general indications for nutritional support therapy in pa-

tients undergoing surgery are the prevention and treatment of

undernutrition, i.e. the correction of undernutrition before surgery

and the maintenance of nutritional status after surgery, when pe-

riods of prolonged fasting and/or severe catabolism are expected.

Morbidity, length of hospital stay, and mortality are considered

principal outcome parameters when evaluating the benefits of

nutritional support [169e178] (all 2�).

After discharge from hospital or when palliation is the main aim

of nutritional therapy, improvement in nutritional status and in

quality of life are the main evaluation criteria.

The enteral route should always be preferred except for the

following contraindications:

� Intestinal obstructions or ileus,

� Severe shock

� Intestinal ischaemia

� High output fistula

� Severe intestinal haemorrhage

The effect of EN on the outcome after surgery has not been

assessed in a consistent manner.

The working group reviewed thirty-five controlled trials

[179e213] (all 1), focussing on endpoints of outcome, and including

patients after gastrointestinal surgery (without transplantation),

trauma, and hip fracture. EN was defined as the use of oral nutri-

tional supplements (ONS) and tube feedings (TF). Early EN was

compared with normal food, administration of crystalloids and PN.

Twenty-four of these 35 trials reported significant advantages of EN

with particular regard to the reduction of infectious complications,

length of hospital stay and costs.

In eight of these 35 studies no benefits were observed

[180,188,192,196,197,202,211,212] (all 1). Some authors have

pointed out possible disadvantages of EN which have not been

observed by others. These are increased length of stay [206] (1�),

reduced lung function after oesophageal or pancreatic resection

through abdominal distension [209] (1�) or delayed gastric

emptying with increased length of stay following pancreatic sur-

gery [213] (2þ). These problems may have been related to too rapid

administration of feed in the early stages. In patients with severe

trauma tolerance of enteral intake has to be carefully monitored

[214] (1�). Compared with PN, early EN decreased postoperative

infection rate in undernourished GI cancer patients, but not in

those who were well nourished [185] (1�).

In seven out of eleven RCTs [215e225] only surrogate measures

of outcome were used, e.g. positive effects of EN on nitrogen bal-

ance and substrate tolerance. In four out of eleven studies no sig-

nificant differences were shown between early EN and standard

hospital feeding practice [215e217,224] (all 1�).

The advantages of early EN within 24 h versus later

commencement have been clearly shown in two meta-analyses

(one Cochrane systematic review) [115,116] (both 1þþ).

The American Society for Parenteral and Enteral Nutrition

(ASPEN) guidelines from 2016 [226] recommend postoperative EN

when feasible within 24 h.

In three older trials enteral feeding in patients with fracture of

the hip and the femur neck was studied. In one trial of overnight

nasogastric feeding [181] (1�), in which the patients were first

stratified by nutritional status before randomisation, there was a

significant reduction in rehabilitation time and postoperative stay

in the undernourished groups. In another study of TF, there was no

influence on hospital outcome, although six-month mortality was

reduced [207] (1�). In the third study ONS given once daily

significantly improved outcome at six months with a lower rate of

complications and mortality [187] (1�).

Recommendation 8:

If the energy and nutrient requirements cannot be met by oral and

enteral intake alone (<50% of caloric requirement) for more than

seven days, a combination of enteral and parenteral nutrition is

recommended (GPP). Parenteral nutrition shall be administered as

soon as possible if nutrition therapy is indicated and there is a

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 631



contraindication for enteral nutrition, such as in intestinal

obstruction (A) (BM).

Grade of recommendation GPP/A e strong consensus (100%

agreement)

Commentary:

For the surgical patient PN is beneficial in the following cir-

cumstances (ESPEN Guidelines [105]): in undernourished patients

in whom EN is not feasible or not tolerated, and in patients with

postoperative complications impairing gastrointestinal function

who are unable to receive and absorb adequate amounts of oral/

enteral feeding for at least 7 days [105].

The recent ASPEN Guidelines [226] recommend postoperative

PN for patients who cannot meet their energy needs orally/enter-

ally within 5e7 days. PN should only be initiated if the duration of

therapy is anticipated to be >7 days.

4.1.1. Enteral vs. parenteral

The effect of PN in comparison with oral/enteral standard

nutrition with regard to the prognosis of surgical patients has been

controversial. Twenty randomised studies of patients undergoing

abdominal surgery, including patients after liver transplantation

and trauma, were reviewed by the working group

[179,180,185,189,191,195e197,202,204,208,210,211,227e233] (all 1).

In these studies (total) PN was compared with EN, or with crys-

talloid solutions or with a normal hospital diet.

EN was compared with PN in 15 studies, of which 6 studies

showed significant benefits of EN, mainly, a lower incidence of

infectious complications, shorter length of stay, and lower costs

(1þ). No significant difference, was found in 8 of the 15 studies,

which led most authors to favour EN because of its lower costs

[183,192,195,208] (all 1þ).

Heyland et al. incorporated 27 studies in a meta-analysis of

PN in surgical patients [234] (2þ). An influence of PN on the

mortality of surgical patients was not shown. A lower compli-

cation rate, especially in those with malnutrition, was observed

in patients receiving PN.

A meta-analysis by Braunschweig et al. comparing EN with

PN incorporated the results of 27 studies with 1828 patients,

(both surgical and non-surgical) [235] (2þþ). It showed a

significantly lower risk of infection with oral/enteral nutrition. In

malnourished patients, however, PN resulted in a significantly

lower mortality with a tendency towards lower rates of infec-

tion. Lower infection rates and a shortened length of hospital

stay was found in the enterally fed patients by Peter et al. [236]

(1þþ).

Focussing on patients after gastrointestinal surgery the meta-

analysis of Mazaki et al. including 29 randomized studies with

2552 patients confirmed the beneficial effects of enteral nutrition

for a lower rate of infectious complications, anastomotic leaks, and

shorter hospital length of stay [117] (1þþ); Zhao et al. including 18

randomized studies with 2540 patients for a shorter time to flatus,

shorter hospital length of stay, and a greater increase in albumin

levels [237] (1þþ). It must be emphasized that no significant

influence on mortality was shown. A very recent multicentre

randomized study investigated EN and PN in 2388 critically ill

patients. No difference in mortality, infectious complication rate,

and hospital length of stay was observed between the two groups

[238] (1þ).

4.1.2. Enteral tolerance and timing of PN

Several authors have pointed out the possible advantages of PN

when there is a limited tolerance of EN due to intestinal dysfunction

especially in the early postoperative phase, which is associatedwith

a lower energy intake [209] (1�). There is some evidence from a

Cochrane systematic review and meta-analysis that chewing gum

may improve thepostoperative recoveryof gastrointestinal function

[239] (1þþ). However, when an ERAS programme was used, the

benefits could not be confirmed in a recent randomisedmulticenter

trial [240] (1þ). Attention must be paid to the tolerance of enteral

intake especially in patients with severe trauma [214] (1�). An

adequate energy intake is better provided by PN when there is an

obvious limitation of gastrointestinal tolerance [241] (2þ).

There is still a paucity of controlled data with regard to com-

bined enteral and parenteral (“dual”) nutrition after elective sur-

gery. An increase in caloric intake is themain objective in combined

EN/PN. A prospective RCT in patients undergoing oesophagectomy

showed significantly improved insulin sensitivity and reduced

blood glucose concentrations in case of dual feeding [242] (1þ). A

retrospective cohort analysis in 69 patients undergoing pan-

creaticoduodenectomy showed safety and especially in combina-

tion with NCJ delivery of caloric requirements [243] (2�).

More data have been available for critically ill patients and

were analysed by Heyland et al. [244] and Dhaliwal et al. [245]

(both 1�) Two of these studies from the 1980s came from the

same study group, and were carried out on patients with extensive

burns and severe trauma respectively. In the meta-analysis of

these studies no advantage was found for combined nutrition with

respect to mortality, infection, LOS and length of artificial venti-

lation [245] (1�).

Two recent large-scalemulticentre studies investigatedwhether

PN should be supplemented “early” (within 4 days) or “late” (after 7

days) in the event of impaired enteral tolerance [246,247] (both

1þþ). The results provide arguments to start PN in malnourished

patients and those with special risks on day 4 at the latest [248]. In

major elective surgery placement of a central venous catheter is still

a routine procedure in many institutions. It is the opinion of this

expert group that in the presence of a suitable indication this access

should be used for PN, especially in malnourished patients, and if

necessary also as a part of hypocaloric regime.

An RCT has shown that provision of PN of 25 kcal/kg and 1.5 g/kg

protein presented no increased risk of hyperglycaemia and infec-

tious complications, but resulted in a significant improvement in

nitrogen balance [249] (1þ). In elderly patients undergoing surgery

for gastrointestinal cancer combined EN/PN showed clinical bene-

fits when compared with EN or PN alone [250] (1-). An increase in

energy intake can be achieved in the short-term by administration

of lipids using peripheral venous access.When insertion of a central

venous catheter is required for the purpose of nutrition therapy,

this indication must be considered critically in relation to the ex-

pected time period of PN.

Combined nutrition is not necessary if the expected time period

of PN is <4 days. If the expected PN period is expected to last be-

tween 4 and 7 days, nutrition can be hypocaloric with 2 g carbo-

hydrate and 1 g amino acids/kg body weight administered via a

peripheral catheter, and if it is likely to last more than 7e10 days, it

is recommended that a central venous catheter should be inserted.

For long-term parenteral nutrition appropriate devices are a

port, Broviac or Hickman catheter.

4.1.3. Hyperglycaemia

In order to avoid hyperglycaemia, intensive insulin therapy has

been recommended for critically ill patients. Due to an incalculable

risk of hypoglycaemia, it is the opinion of the working group that

intensive insulin therapy is not appropriate in postsurgical patients

on the general ward with less staffing. Therefore, the amount of

glucose-based calories in PN should be reduced in case of blood

sugar levels exceeding 180mg/dl. For patients with very unstable

and high glucose levels ICU care is to be preferred.
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Recommendation 9:

For administration of parenteral nutrition an all-ineone (three-

chamber bag or pharmacy prepared) should be preferred instead of

multibottle system (BM, HE).

Grade of recommendation B e strong consensus (100% agreement)

In two RCTs the cost benefits of using a three-chamber bag were

better than a multibottle system [251,252] (both 1þ). A retrospec-

tive analysis of a US data bank showed a significantly lower rate of

blood steam infections using a three-chamber-bag [253] (2þ).

Recommendation 10:

Standardised operating procedures (SOP) for nutritional support

are recommended to secure an effective nutritional support therapy.

Grade of recommendation GPP e strong consensus (100%

agreement)

Feeding protocols and SOP have proven benefits with regard to

safety and feasibility of achieving the caloric target [254,255] (both

2þ).

Adequate supply with micronutrients is considered essential for

long-term TPN.

4.2. Is there an indication for supplementing i.v. glutamine

Recommendation 11:

Parenteral glutamine supplementation may be considered in pa-

tients who cannot be fed adequately enterally and, therefore, require

exclusive PN (0) (BM, HE).

Consensus Conference: Grade of recommendation B e consensus

(76% agreement) e downgraded by the working group during the

finalization process according to the recent PRCT [257] (with 100%

agreement within the working group members).

Commentary:

There is no convincing evidence to recommend the use of

parenteral glutamine. The parenteral supplementation of gluta-

mine dipeptide in a standard dosage of about 0.5 g/kg/d in 7 RCTs

with non-enterally fed surgical patients was reviewed by the

working group 2009 with regard to the end-points of morbidity

and outcome [256,258e263] (all 1þ). In six of these studies, the

patients were to undergo elective surgery and in one after emer-

gency visceral surgery. All studies showed significant benefits of

glutamine supplementation five with respect to postoperative LOS

and two with respect to complications. This was in line with the

results of an earlier meta-analysis examining elective surgical pa-

tients [264] (1þþ). A systematic analysis of European and Asian

non-enterally nourished surgical patients resulted in 10 studies

with the endpoint of infectious complications and 8 studies of

postoperative LOS. Significant benefits of glutamine supplementa-

tion were also seen [265] (1þ). Significant improvement in post-

operative immune function was shown in two studies with

immunological endpoints [266e269] (all 1þ).

In a large multicentre RCT on 428 well-nourished patients un-

dergoing major gastrointestinal surgery no significant benefit was

found for the postoperative complication rate and the hospital

length of stay for those patients who had been supplemented with

0.4 g dipeptide/kg/day parenterally the day before and five days

after surgery [270] (1þ). Taking these controversial results into

account no recommendation for the surgical patient was given in

the ESPEN guidelines 2009 [105].

A multicentre RCT of high dose administration of glutamine in

the critically ill patients with organ dysfunction was associated

with a significant increase in mortality [271] (1þ). This also raised

concerns for the use in surgical patients receiving even the stan-

dard dosage of 0.5 g/kg/day.

In a recent RCT on 60 patients undergoing colonic resection,

glutamine infusion (0.5 g/kg/day) 24 h before and 1 h after the

commencement of surgery proved to be significantly beneficial for

intra- and postoperative glucoseeinsulin homeostasis, and recov-

ery of bowel function with shortened time to first stool passage

after colonic resection [272] (1�).

Another recent multicentre double-blind RCT included 150

surgical ICU patients (gastrointestinal, vascular, cardiac) without

renal or hepatic failure, or shock. All received isonitrogenous

isocaloric PN (1.5 g/kg/day). In the intervention group glutamine

was administered in the standard dosage of 0.5 g/kg/day. No sig-

nificant differences were seen with the primary endpoints of hos-

pital mortality and infection rate (mortality glutamine vs. standard

14.7% vs. 17.3%, bloodstream infection rate 9.6 vs. 8.4 per 1000

hospital days [257] (1þ)).

Two meta-analyses (including 14 RCTs with 587 surgical pa-

tients, 40 RCTs with more than 2000 patients totally) have

emphasized significant advantages of glutamine supplementation

with regard to infectious morbidity and hospital length of stay

[273,274] (both 1þþ). In addition, an improvement of immune

parameters has been emphasized in a recent meta-analysis by Kang

et al. on 13 RCTs including 1034 surgical patients with gastroin-

testinal tumour. In three of the studies glutamine was administered

via the enteral route [275] (1þ). Another meta-analysis included 19

RCTs with 1243 patients. Here a significant reduction of hospital

stay was found without a difference in the complication rate [276]

(1þþ).

A methodological review of the meta-analysis and the quality of

the single studies for the German guideline update brought up

concerns about the lack of clear criteria for the definition of in-

fectious complications and the heterogeneity of hospital length of

stay [78]. The low and medium quality of the studies e most of

them underpowered e was also discussed by Sandini et al. [276],

and it was emphasized that an exclusive effect on the hospital

length of stay without difference in morbidity can hardly be

interpreted (1þþ). Furthermore, it must be argued that in most of

the studies the majority of patients with special regard to colorectal

surgery were not appropriate candidates for parenteral feeding

alone.

Based on the current understanding, exclusive PN over 5e7 days

is definitely not indicated in most surgical patients particularly

after elective colorectal surgery with an uncomplicated course

[11,15,16] (all 1þþ). Therefore, according to the available data

glutamine is safe in a standard dosage while a strong recommen-

dation for the use in parenterally fed surgical patients may not be

justified.

The extent to which parenteral glutamine administration in

combination with oral/enteral nutrition may have a positive effect,

cannot be clarified at present due to lack of available data.

4.2.1. Is there an indication for supplementing oral glutamine?

Currently, no clear recommendation can be given regarding the

supplementation of oral glutamine (0).

Commentary:

Data regarding oral glutamine supplementation as a single

substance are limited. In pancreatic surgery oral preconditioning

with glutamine, antioxidants, and green tea extract versus placebo

elevated plasma vitamin C concentrations significantly and

improved total endogenous antioxidant capacity without reducing

oxidative stress and inflammatory response [102] (1�).

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 633



4.3. Is there an indication for supplementing arginine (IV or EN)

alone?

Currently, no clear recommendation can be given regarding the

intravenous or enteral supplementation of arginine as a single sub-

stance (0). Evidence is insufficient to suggest theuseofargininealone.

Commentary:

Data regarding arginine supplementation as a single substance

are limited. For patients undergoing surgery for head and neck

cancer a meta-analysis included six studies with 397 patients

receiving peri/postoperative enteral supplementation with argi-

nine in different dosages (6.25e18.7 g/l) and also in combination

with other substances. There was a reduction in fistulas (OR¼ 0.36,

95% CI: 0.14e0.95, p ¼ 0.039), and length of hospital stay (Mean

difference: �6.8 days, 95% CI: �12.6 to �0.9 days, p ¼ 0.023).

Interestingly, no reduction in wound infections (OR ¼ 1.04, 95% CI:

0.49e2.17, p¼ 0.925) or other infections was observed [277] (1þ). A

10 year-long observation in 32 patients with head and neck cancer

who had been perioperatively administered an arginine-enriched

diet showed a significantly longer overall, better disease-specific

survival, and less loco-regional tumour recurrence in the inter-

vention group [278] (2þ). It must be emphasised that this study

was actually underpowered to detect differences in survival which

was not the primary endpoint of this trial.

4.4. Is there an indication for supplementing i.v. omega-3-fatty

acids?

Recommendation 12:

Postoperative parenteral nutrition including omega-3-fatty acids

should be considered only in patients who cannot be adequately fed

enterally and, therefore, require parenteral nutrition (BM, HE).

Grade of recommendation B - majority agreement (65% agreement)

Commentary:

For parenteral supplementation of omega-3-fatty acids a meta-

analysis of 13 RCTs on 892 surgical patients revealed significant

advantages with regard to the postoperative infection rate and

hospital length of stay [279] (1þþ). This has been confirmed by

more recent meta-analysis including 23 studies with 1502 patients

[280,281] (both 1þþ). The methodological analysis of the meta-

analysis and the single studies brings up concerns with regard to

the lack of homogenous criteria for the definition of infectious

complications and the considerable heterogeneity of hospital

length of stay [78]. Tian et al. performed a meta-analysis for the

comparison of a new lipid emulsion containing soy bean oil,

medium-chain triglycerides, olive oil and fish oil versus other olive

oil andmedium- and long-chain triglyceride based emulsions [282]

(1þþ). No clear evidence was found. It has also to be argued that in

most of the studies the majority of patients, with special regard to

colorectal surgery, were not appropriate candidates for parenteral

feeding alone. Due to these methodological problems of the indi-

vidual studies, the working group voted for a limited B recom-

mendation. The possible benefits of a short-term perioperative

omega-3-fatty acid infusion for a total duration of 72 h before

elective surgery, needs to be clarified further [283] (1þ).

4.5. Is there an indication for specific oral/enteral formula enriched

with immunonutrients?

Recommendation 13:

Peri- or at least postoperative administration of specific formula

enriched with immunonutrients (arginine, omega-3-fatty acids, ribo-

nucleotides) should be given in malnourished patients undergoing

major cancer surgery (B) (BM, HE).

There is currently no clear evidence for the use of these formulae

enriched with immunonutrients vs. standard oral nutritional supple-

ments exclusively in the preoperative period (0).

Grade of recommendation B/0 e consensus (89% agreement)

Commentary:

Data are available from numerous RCTs on the use of immune

modulating ONS and TF formulae, including arginine, omega-

3-fatty acids and ribonucleotides, with or without glutamine

[195,284e294] (all 1þ).

15meta analyses of trials, in general surgical patients, and one in

head and neck cancer surgery suggest that perioperative adminis-

tration of immune modulating nutritional formulae have contrib-

uted to a decreased rate of postoperative complications and

consequently to a decreased length of stay in the hospital

[195,286e309] (all 1þþ). With regard to the immunomodulating

substrates, most of the RCTs were performed with arginine, omega-

3-fatty acids, and ribonucleotides. No additional benefits were

found in an RCT in high-risk cardiac surgery patients by supple-

mentation of glycine [310] (1þ).

In some of these trials there is no clear distinction made be-

tween critically ill and patients undergoing major elective surgery

(see guidelines on intensive care).

For undernourished oncological patients undergoing surgery

the ASPEN guidelines from 2009 give a strong recommendation

[311]. For elective digestive cancer surgery the French guidelines

from 2012 recommend preoperative “pharmacotherapy” for 5e7

days, whether or not the patient is malnourished [29]. The ESPEN

guideline on nutrition in cancer patients from 2016 gives a strong

recommendation for patients undergoing resection for upper

gastrointestinal cancer in the context of conventional perioperative

care [312].

However, the methodological analysis of these meta-analyses

and the included RCTs raise reservations to give a strong recom-

mendation for the general use of immunomodulating formulae.

This is due to the considerable heterogeneity of the single studies

including different periods of application, and the lack of homog-

enous criteria for the definition of complications and hospital

discharge [78]. Furthermore, the most recent review of the litera-

ture by the working group shows that the evidence for the appro-

priate risk groups and the timing of the intervention is not clear.

4.5.1. Pre-, peri- or postoperative timing

Pre- or perioperative intake of ONS (3 � 250 ml) enriched with

immune modulating substrates (arginine, omega-3 fatty acids and

nucleotides) for five to seven days reduces postoperative morbidity

and length of stay after major abdominal cancer surgery [313e316]

(all 1þ). Undernourished patients, in particular, appear to benefit

[317] (1þ).

Three RCTs showed that perioperative immunomodulating

formulae were effective in both undernourished [317] (1þ) and

well-nourished gastrointestinal cancer patients [313,315] (both 1þ).

Klek et al. [318] found significant advantages regarding a reduction

of postoperative complications only in malnourished patients (1þ).

The RCT by Gianotti et al. [319] randomised 305 gastrointestinal

cancer patients without severe undernutrition to receive either

preoperative or perioperative immunomodulating formulae (1�). A

reduction in infectious complications and length of hospital stay

were observed in both groups. However, this study did not include

a groupwith standard formula. Therefore, it can be argued, that the
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observed effects could have been also obtained with standard

formulae.

Comparing preoperative immunonutrition with a standard oral

nutritional supplement Hübner et al. [320] performed a double-

blinded RCT in surgical patients at risk according to NRS >3 (1þ).

Another PRCT included well-nourished patients with the nutri-

tional intervention for three days [321] (1þ). In both studies no

benefits were observed in the intervention group.

In the meta-analysis of Hegazi et al. [322] a clear differentiation

was made between studies comparing preoperative immunonu-

trition vs. ONS (8 PRCT with 561 patients) and those vs. no sup-

plements (9 PRCT with 895 patients) (1þþ). Only in studies with a

control group of an oral non-supplemented standard diet a signif-

icant difference was found: decrease of infectious complications

(OR 0.49, 95% CI 0.30 to 0.83, p < 0.01) and length of hospital stay

(mean difference�2.22 days, 95% CI �2.99 to�1.45 days, p < 0.01).

Therefore, the superiority of immune-enriched supplements

has not been proven in the preoperative period. This has been

supported by a small RCT in 35 patients undergoing surgery for

pancreatic cancer with 40% being at nutritional risk. No significant

differences were found either in the complication rate or in func-

tional capability and body weight [323] (1�).

In the meta-analysis from Marimuthu et al. [302] (1þþ), sig-

nificant benefits with regard to infectious complications were

found for the pre-, peri- and postoperative use of the immuno-

modulating diet. The non-infectious complications and the hospital

length of stay were reduced significantly in case of peri- or post-

operative initiation of the diet. The meta-analysis from Osland

et al. and Song et al. confirmed the benefits for the perioperative

and sole postoperative use [307,308] (both 1þþ).

4.5.2. Special indications

There is also a dearth of well-designed RCTs focussing on

homogenous groups of patients undergoing major surgery for

cancer. In patients undergoing gastrectomy for gastric cancer, early

EN with an immunomodulating formula was associated with

significantly less wound-healing problems, suture failure, and

infectious as well as global complications [324] (1þ).

Another RCT (n ¼ 244) on preoperative enteral immunonu-

trition (arginine, omega-3-fatty acids and ribonucleotides) versus a

regular diet for five days in well-nourished patients undergoing

elective gastrectomy for gastric cancer failed to demonstrate any

clinical advantages [325] (1þ).

Sultan et al. investigated 195 patients undergoing surgery for

oesophagogastric cancer in three groups: omega-3-fatty acid sup-

plemented EN or standard EN for 7 days before and after surgery, or

postoperative supplementation alone [326] (1þ). No differencewas

found between the groups when morbidity, mortality and hospital

stay were considered. HLA-DR expression in monocytes or acti-

vated T-lymphocytes were also not different. In another trial the

perioperative use of an immunomodulating formula for 3 days

before and after oesophagectomy led to a significant increase in the

total lymphocyte count on days 3 and 5 and a shift toward B cell

proliferation on days 5 and 7 [327] (1þ).

A meta-analysis focussing on patients undergoing surgery for

gastric cancer included 9 studies with 785 patients. Some increase

in IgA, IgG, IgM, CD3, CD4/CD8 ratio, and NK cells was found, and a

decrease of IL-6 and TNFalpha was observed. However, the clinical

outcome parameters were not improved significantly. Again, het-

erogeneity, timing and sample size were discussed critically

[328] (1þþ).

A meta-analysis of six RCTs including 628 patients undergoing

surgery for oesophagogastric cancer with enteral immunonutrition

did not demonstrate consistency in clinical outcome parameters

[329] (1þ). While this meta-analysis did not support a routine

recommendation of immunonutrition in this group of patients, it

must be criticized as it did not include and evaluate more homo-

geneous studies. In addition to methodological weaknesses, the

studies differed in composition of immunomodulating diet, the

type of administration (peri-/pre-/postoperatively), and three of

the studies were underpowered for clinical outcome parameters.

In a Cochrane meta-analysis of six high quality studies in pa-

tients undergoing gastrointestinal surgery Burden et al. demon-

strated significant benefits with regard to postoperative

complications [330] (1þþ). Due to some bias these authors saw

limited generalizability [330]. Wong et al. found in their meta-

analysis of 19 RCTs with 2016 patients undergoing oesophagec-

tomy, gastrectomy, and pancreatectomy (2.2:1.2:1.0) significant

benefits for the postoperative use of immunonutrition regarding a

decrease of wound infections and the hospital length of stay [309]

(1þþ). The integration of immunonutrition in an ERAS protocol

was recommended, which has been shown in a randomized

controlled study in 264 patients undergoing colorectal surgery

[331] (1þ). A diet enriched with immunonutrients was compared

with a standard oral nutritional supplement and administered 7

days before surgery and continued for 5 days postoperatively. In the

immunonutrition group a significant decrease in the rate of infec-

tious complications was found (23.8% vs. 10.7%; p ¼ 0.0007).

4.5.3. Cost effectiveness

A National US Database evaluation as well as data from Braga

et al. and Chevrou-S�everac et al. [332e334] (both 2þ) showed the

cost-effectiveness of these formulae regarding decreased treatment

of complications. In order to reduce resource consumption and

total cost, a breakeven infection rate was calculated for well nour-

ished (0.91%) as well as undernourished patients (>3.31%)

[332] (2þ).

4.5.4. Long-term outcome

A 10 year-long observation in 32 patients with head and neck

cancer who had been perioperatively administered an arginine

enriched diet showed a significantly longer overall, better disease-

specific survival, and less locoregional tumour recurrence in the

intervention group [278] (2þ). A post-hoc analysis of a PRCT in 99

patients with gastric carcinoma showed no improvement in long-

term survival by use of postoperative EN with the combination of

glutamine, arginine and omega-3-fatty acids [335] (2þ). Both

studies were not powered adequately to detect differences in sur-

vival, which was not the primary endpoint.

Although benefits of enteral formulae enriched with glutamine

alone have been found in several RCTs in critically ill patients,

particularly those suffering from severe trauma or burns [336e339]

(all 1þ), no strong data for patients aftermajor abdominal cancer or

head and neck surgery are available currently.

4.5.5. Synbiotics

The concept of “ecoimmunonutrition” refers to formulae con-

taining synbiotics with fibre and Lactobacillus. A significant reduc-

tion of the rate of postoperative pneumonia (2.4 vs. 11.3%,

p¼ 0.029), of surgical site infections (7.1 vs. 20.0%, p¼ 0.020) and of

anastomotic leakage (1.2 vs. 8.8%, p ¼ 0.031) was shown in patients

after colorectal surgery [340] (1þ), and for the incidence of in-

fections after pancreatic and hepatobiliary resections, as well as

liver transplantation [341e346] (all 1þ). A marked but not

significant difference was observed between the effects of living or

heat-killed lactobacilli [347] (1þ).

In addition to the rate of infectious complications Kanazawa

et al. found significant advantages with regard to cumulative length

of antibiotic therapy and hospital length of stay in patients un-

dergoing hepato-biliary resection for biliary tract cancer [343] (1þ).
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A meta-analysis of 13 RCTs with 962 patients revealed that

probiotic and symbiotic use in elective surgical patients resulted in

a reduction of postoperative sepsis (p ¼ 0.03 and p ¼ 0.02) [348]

(1þþ). For trauma patients a meta-analysis of 5 studies with 281

patients showed significant benefits with regard to a reduction of

nosocomial infections (p ¼ 0.02), the rate of ventilator associated

pneumonia (3 studies, p ¼ 0.01) and the length of intensive care

stay (2 studies, p ¼ 0.001). No difference in mortality was observed

[349] (1þþ). The authors highlighted considerable heterogeneity in

the included studies.

A study in brain injured patients [350] (1þ) showed significant

advantages of a formula containing glutamine and probiotics with

regard to infection rate and length of stay in the intensive care unit.

The most appropriate species of probiotic has not been elucidated

yet. Therefore more high quality clinical studies with adequate

power are required.

It remains uncertain whether future studies should focus on the

dietary combination of metabolic and immunologic conditioning

with mixed substances or pure “pharmaconutrition” using a single

substance approach. Regarding RCTs in malnourished patients, it

may be hard to define an appropriate control group for ethical

reasons.

4.6. Which patients benefit from nutritional therapy in the

preoperative period?

Recommendation 14:

Patients with severe nutritional risk shall receive nutritional

therapy prior to major surgery (A) even if operations including

those for cancer have to be delayed (BM). A period of 7e14 days

may be appropriate (0).

Grade of recommendation A/0e strong consensus (95% agreement)

Recommendation 15:

Whenever feasible, the oral/enteral route shall be preferred (A)

(BM, HE, QL).

Grade of recommendation A e strong consensus (100% agreement)

Commentary:

For surgical patients the benefits of nutritional therapy were

shown in cases of severe undernutrition [208,233,351] (all 1þ); and

confirmed in two meta-analyses [234,352] both (2þ), particularly

with regard to the rate of postoperative complications

[208,233,351,352].

These patients were fed preoperatively for at least 7e10 days.

For surgical patients “severe” nutritional risk has been defined

according to the ESPEN working group (2006) as the presence of at

least one of the following criteria:

� Weight loss >10e15% within 6 months

� BMI <18.5 kg/m2

� SGA Grade C or NRS >5

� Serum albumin <30 g/l (with no evidence of hepatic or renal

dysfunction)

These parameters reflect undernutrition as well as disease-

associated catabolism.

The working group agrees that hypoalbuminaemia is a clear

surgical risk factor [45,46] (both 2þ), however, it reflects disease-

associated catabolism and disease severity rather than undernu-

trition. The impact of hypoalbuminaemia has been emphasized by

recent data [all 48, 49, 51] (2þ).

Kuppinger et al. [43] showed that for patients undergoing

abdominal surgery lower food intake before hospital admissionwas

an independent risk factor for postoperative complications (2þ).

Related to the percentage of preoperative weight loss and the

serum albumin concentration, Pacelli et al. [353] did not observe

any significant difference in the postoperative complication rate in

145 patients undergoing total or subtotal gastrectomy (2þ). How-

ever, the percentage of patients in the risk group with post-

operative complications was higher. While underpowered, this

study showed that the number of patients with a critical weight

loss or serum albumin level is less than 20% (14 and 27/145 resp.).

4.6.1. Duration of preoperative nutritional therapy according to

nutritional risk

In 800 patients with gastric cancer undergoing gastrectomy and

with severe nutritional risk according to the ESPEN definition the

incidence of surgical-site-infections was significantly lower in the

group receiving adequate energy support for at least 10 days than in

the group with inadequate or even no support for <10 days (17.0%

vs. 45.4%, p¼ 0.00069). In multivariate analysis, nutritional therapy

was an independent factor associated with fewer surgical site in-

fections (odds ratio 0.14, 95% CI 0.05e0.37, p ¼ 0.0002) [149] (2þ).

There are insufficient data available on the comparison of EN

with PN preoperatively.

Preoperative PNandENhavebeen compared inonlyoneRCT. Clear

advantage of preoperative PN could not be shown [208] (1þ). The

results of the meta-analysis by Braunschweig et al. including non-

randomized studies as well, however, do favour PN for malnour-

ished patients [235] (2þþ). A significantly lower mortality with a

tendency towards lower rates of infectionwas found inmalnourished

patients receivingPN.Heylandet al. incorporated27studies inameta-

analysis of PN in surgical patients [233] (2þþ), while clinical trials

comparing EN with PN were excluded. An influence of PN on the

mortality of surgical patients was not shown except a trend in one

study [351] (1þ). A lower complication rate, especially in those with

malnutrition, was observed in the parenterally nourished patients

(see 4.1). Jie et al. presented a consecutive series of 1085 patients

undergoing nutritional risk screening (NRS-2002) before abdominal

surgery [354] (2þ) and found that 512 were at nutritional risk. At the

discretion of the surgeon patients received EN or PN for seven days

before surgery. While no difference in infection rate and hospital

length of stay was found for patients with NRS of 3 and 4 for patients

with and without preoperative nutritional support, of 120 patients

with NRS score of at least 5 those with preoperative nutrition had

significantly less complications (25.6% vs. 50.6%, p ¼ 0.008) and a

shorter hospital stay (13.7 ± 7.9 days vs. 17.9 ± 11.3 days, p ¼ 0.018).

It is the opinion of the working group, that oral or enteral sup-

plementation should be preferred whenever possible. With special

regard to cancer patients undergoing multimodal therapy support

of a dietitian should be integrated very early [355] (2þ). If PN is

necessary to meet energy needs e.g. in stenosis of the upper

gastrointestinal tract, it should be combined with oral nutrition

(e.g. oral nutritional supplements) whenever possible. In order to

avoid refeeding syndrome in severely malnourished patients PN

should be increased stepwise including laboratory and cardiac

monitoring with adequate precautions to replace potassium,

magnesium, phosphate and thiamine [356] (3).

4.6.2. When are preoperative oral nutritional supplements and

enteral nutrition indicated?

Recommendation 16:

When patients do not meet their energy needs from normal food it

is recommended to encourage these patients to take oral nutritional
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supplements during the preoperative period unrelated to their nutri-

tional status.

Grade of recommendation GPP e consensus (86% agreement)

Recommendation 17:

Preoperatively, oral nutritional supplements shall be given to all

malnourished cancer and high-risk patients undergoing major

abdominal surgery (BM, HE). A special group of high-risk patients are

the elderly people with sarcopenia.

Grade of recommendation A e strong consensus (97% agreement)

Recommendation 18:

Immune modulating oral nutritional supplements including argi-

nine, omega-3 fatty acids and nucleotides can be preferred (0) (BM,

HE) and administered for five to seven days preoperatively (GPP).

Grade of recommendation 0/GPP e majority agreement, 64%

agreement

Recommendation 19:

Preoperative enteral nutrition/oral nutritional supplements should

preferably be administered prior to hospital admission to avoid un-

necessary hospitalization and to lower the risk of nosocomial

infections (BM, HE, QL).

Grade of recommendation GPP e strong consensus (91%

agreement)

Commentary:

It is the consensus of the working group that ONS should

comprise a standard fully balanced non-disease-specific formula

which may be used as a sole source for nutrition and is composed

according to the European Union regulatory directives for Food for

Special Medical Purposes (FSMP) [357,358].

Unrelated to the nutritional status preoperative ONS were

studied in general surgical patients in three RCTs [192,205,359] (all

1þ). Although two studies showed no significant impact on

outcome, Smedley et al. found a significant reduction in minor

complications. Furthermore, preoperative ONS continued post-

operatively, minimized postoperative weight loss [207] (1þ).

It has to be argued that most of the patients who underwent

surgery for colorectal cancer were not at nutritional risk. This might

explain why the meta-analysis of these studies did not show sig-

nificant benefits [330] (1þþ).

It is noteworthy that Burden et al. [359] observed some benefits

for surgical site infections according to the Buzby definition in

selected weight losing patients (1þ). Because many patients do not

meet their energy needs from normal food it is the consensus of the

working group to encourage them to take standard ONS during the

preoperative period unrelated to their nutritional status. Because

patient compliance to take ONS seems to be a matter of motivation

patients should be informed well about the potential benefits [360]

(2þ). Cost effectiveness of standard oral nutritional supplements in

hospitalized patients was shown in a systematic review of the

literature and meta-analysis [357] (1þ).

For specific immunemodulating dietse see comment 4.5. There

is currently no clear evidence for the sole use of specific formula

enriched with immunonutrients vs. standard oral nutritional sup-

plements in the preoperative period.

4.7. When is preoperative parenteral nutrition indicated?

Recommendation 20:

Preoperative PN shall be administered only in patients with

malnutrition or severe nutritional risk where energy requirement

cannot be adequately met by EN (A) (BM). A period of 7e14 days is

recommended (0).

Grade of recommendation A/0 e strong consensus (100%

agreement)

Commentary:

The benefits of preoperative PN for 7e14 days are only evident

in patients with severe malnutrition (weight loss >15%) prior to

major gastrointestinal surgery [233,351] (both 1þ). When PN is

given for 10 days preoperatively and continued for 9 days post-

operatively the rate of complications is 30% lower and there is a

tendency for a reduction in mortality [351] (1þ).

According to the recovery of physiological function and total

body protein a considerable increase can be achieved within 7 days

of PN. However further significant improvement will be obtained

within the second week [361] (2þ). There are no controlled studies

comparing 7 days with 10e14 days of PN. While the ASPEN

guidelines 2009 recommend 7 days of PN [362], it is the opinion of

the working group, that in patients with severe nutritional risk the

potential increase in benefit will justify the preoperative extension

of hospital length of stay with 10e14 days.

A recent Cochrane analysis of preoperative PN in patients

undergoing gastrointestinal surgery confirmed a significant

reduction of complications from 45% to 28% [330] (1þþ). While the

authors discussed a high risk bias in the three trials which were

more than 20 years old, surprisingly two important studies with

positive results [233,351] (1þ) had not been included.

5. Postoperative nutrition

5.1. Which patients benefit from early postoperative tube feeding?

Recommendation 21:

Early tube feeding (within 24 h) shall be initiated in patients in

whom early oral nutrition cannot be started, and in whom oral intake

will be inadequate (<50%) for more than 7 days. Special risk groups are:

� patients undergoing major head and neck or gastrointestinal sur-

gery for cancer (A) (BM)

� patients with severe trauma including brain injury (A) (BM)

� patients with obvious malnutrition at the time of surgery (A) (BM)

(GPP)

Grade of recommendation A/GPP e strong consensus (97%

agreement)

Commentary:

Recent data from RCTs and one meta-analysis confirm that im-

mediate oral nutrition can be administered safely in patients with

anastomoses after partial and total gastrectomy [14,122,363] (all 1þ).

Another RCT showed that a nasojejunal tube is unnecessary after

gastrectomy and that this is beneficial with regard to the hospital

length of stay [121] (1þ). No controlled data are available for patients

with oesophageal resection. A study protocol for an ongoing multi-

centre study in the Netherlands has been recently published [23].

A RCT in patients undergoing total laryngectomy with primary

pharyngeal closure showed that initiation of oral feeding on the

first postoperative day was safe [364] (1þ).

Patients undergoing major surgery for head and neck, and

abdominal cancer (larynx, pharynx or oesophageal resection,
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gastrectomy, partial pancreatectomy) often exhibit nutritional

depletion before surgery [34,139,140,147,148,152,156,157,365]

and have a higher risk of developing septic complications

[34,50,139,140,147,148,157,366] (all 2). Postoperatively, oral intake

is often delayed due to swelling, obstruction or impaired gastric

emptying, making it difficult to meet nutritional requirements.

Nutritional therapy reduces morbidity with an increasing protec-

tive effect of PN, EN, and immune-modulating formulae [50] (2þ).

Trauma patients with a normal nutritional status have a high

risk of developing septic complications and multiple organ failure.

Early EN has been claimed to reduce septic complications [175,191]

(both 1þ), and has been suggested to reduce the rate of multiple

organ failure when initiated within 24 h [367] (1þ). For head-

injured patients early feeding may be associated with fewer in-

fections and a trend towards better outcomes in terms of survival

and disability [368] (1þþ). However, many of the studies have

methodological weaknesses.

5.2. Which formulae should be used?

Recommendation 22:

In most patients, a standard whole protein formula is appropriate.

For technical reasons with tube clotgging and the risk of infection

the use of kitchen-made (blenderized) diets for tube feeding is not

recommended in general.

Grade of recommendation GPPe strong consensus (94% agreement)

Commentary:

Most patients can be appropriately fed by a standard diet. Even

in case of small bowel access e.g. by a NCJ no oligopeptide diet is

required.

Kitchen made (blenderized) diets are nutritionally inconsistent,

have a short shelf-life, and bear a risk for infection by contamina-

tion with variable microorganisms.

There is also a high risk for tube clogging.

Home-made diets for tube feeding may be considered in the

home care setting (preparation is solely for one patient, and risk for

contamination is lower than in an institution where several prep-

arations are made at the same time). Tube blockage due to high

viscosity may be reduced if the concentration is 1 cal/ml and if

standard enteral formulae are added as milk base.

For immune modulating formulae see comment 4.5.

5.3. How should patients be tube fed after surgery?

Recommendation 23:

With special regard to malnourished patients, placement of a

nasojejunal tube (NJ) or needle catheter jejunostomy (NCJ) should be

considered for all candidates for tube feeding undergoing major upper

gastrointestinal and pancreatic surgery (BM).

Grade of recommendation B e strong consensus (95% agreement)

Recommendation 24:

If tube feeding is indicated, it shall be initiated within 24 h after

surgery (BM).

Grade of recommendation A e strong consensus (91% agreement)

Recommendation 25:

It is recommended to start tube feeding with a low flow rate (e.g. 10

e max. 20 ml/h) and to increase the feeding rate carefully and

individually due to limited intestinal tolerance. The time to reach the

target intake can be very different, and may take five to seven days.

Grade of recommendation GPP e consensus (85% agreement)

Recommendation 26:

If long term TF (>4 weeks) is necessary, e.g. in severe head injury,

placement of a percutaneous tube (e.g. percutaneous endoscopic

gastrostomy e PEG) is recommended.

Grade of recommendation GPP e strong consensus (94%

agreement)

Commentary:

Many studies have shown the benefits and feasibility of feeding

via a tube either inserted distal to the anastomosis, e.g. NCJ, or

inserted via the nose with its tip passed distally at the time of

operation e.g. nasojejunal tube [287,369e374] (all 2þ).

Open or even laparoscopic placement [375] of the NCJ according

to standardized techniques in a specialized centre is associated

with low risk and a complication rate of about 1.5e6% in most se-

ries [371,376e386] (all 2�), [317,369] (both 2þ).

Some authors consider routine use of NCJ an overtreatment and

propose consideration of NCJ only in high-risk patients [387e389]

(all 2�). For patients undergoing pancreaticoduodenectomy a prog-

nostic score was recently developed and validated to predict major

postoperative complications including pancreas texture, pancreatic

duct diameter, operative blood loss, and ASA score [390] (2þ).

For patients undergoing oesophageal resection an observational

study demonstrated benefits of safe long term EN by NCJ with

special regard to anastomotic complications [373] (2�), [384] (3).

The complication rate was low: 1.5% [384] (3). In a RCT including 68

patients undergoing pancreaticoduodenectomy no significant dif-

ference in the complication rate was found (15% vs. 13%) [391] (1þ).

The rate of intestinal obstruction and delayed gastric emptying was

significantly lower in the nasojejunal tube group. Catheter-related

complications were more common in the NCJ group (35.3 vs.

20.6%). It had to be expected that the time for removal of the

feeding tube was significantly decreased in the nasojejunal tube

group. The postoperative hospital length of stay was significantly

shorter in the NCJ group [391] (1þ).

A meta-analysis of five RCTs including 344 patients did not

elucidate a clear difference between enteral NCJ feeding and

parenteral access [392] (1þþ). In patients undergoing oesopha-

gectomy a RCT showed no significant differences between naso-

duodenal tube and feeding jejunostomy for early enteral feeding

and catheter associated complications [393] (1þ).

Because nasojejunal and nasoduodenal tubes are associated

with a significant rate of early accidental dislodgement [388,392]

(both 1þþ), the working group agrees with Markides et al. that

for patients at nutritional risk, “feeding jejunostomy may be

superior to nasojejunal or duodenal tubes”. In these patients, it may

be reasonable to leave NCJ and to continue nutritional support

therapy after discharge.

Tolerance of TF has to be monitored closely in all patients with

impaired gastrointestinal function [213] (1þ). It may therefore take

5e7 days before nutritional requirements can be achieved by the

enteral route [183,210,374] (all 1þ), [372] (2þ). In anecdotal re-

ports, strangulation or too rapid administration of feed may lead to

the development of small bowel ischaemia with a high risk of

mortality [388,394e400] (3).

Percutaneous endoscopic gastrostomy should be considered in

case of the indication for long-termenteral feedingwhenabdominal

surgery is not indicated e.g. severe head injury, neurosurgery.

For patients with upper GI stenosis due to oesophageal cancer
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and scheduled surgery after neoadjuvant radio-chemotherapy

preoperative PEG should be only placed according to the discre-

tion of the surgeon. The guidelines for PEG placement [401]

recommend the intervention for enteral feeding lasting for 2e3

weeks which is considered too short in surgical patients.

5.4. Which patients will benefit from EN after discharge from the

hospital?

Recommendation 27:

Regular reassessment of nutritional status during the stay in hos-

pital and, if necessary, continuation of nutrition therapy including

qualified dietary counselling after discharge, is advised for patients

who have received nutrition therapy perioperatively and still do not

cover appropriately their energy requirements via the oral route.

Grade of recommendation GPP e strong consensus (97%

agreement)

Commentary:

Despite preoperative nutritional therapy patients developing

postoperative complications lose weight and are at risk for further

deterioration of nutritional status. This was shown in a retrospec-

tive analysis of 146 patients of a prospective study by Grass et al.

[402] (2�). These patients require continuing nutritional follow-up

after discharge.

Furthermore, in a considerable number of patients after major

gastrointestinal or pancreatic surgery the oral calorie intake will be

inadequate for a longer period with a risk for postoperative

malnutrition. In patients after intensive care an observational study

showed a spontaneous caloric intake of 700 kcal/d after extubation.

This is insufficient in an anabolic phase of rehabilitation, when a

caloric intake of 1.2e1.5� resting energy expenditure REE is rec-

ommended. It also emphasizes the importance of observing the

food intake in these patients [403] (2þ).

After subtotal (n ¼ 110) or total gastrectomy (n ¼ 58) a retro-

spective analysis showed a decrease in BMI after one month, six

months, 12 months and 24 months of 7.6, 11.7, 11.5 and 11.1%

respectively [404]. After radical oesophagectomy weight loss of

more than 15% within 6 months was observed in about 30% [405]

(2þ). A meta-analysis of 18 studies indicated a weight loss of

5e12% at sixmonths postoperatively. More than half of patients lost

>10% of body weight at 12 months [406] (1�). According to general

recommendations less than 10% of 96 patients after oesophagec-

tomy with gastric tube reconstruction had sufficient intake of all

micronutrients in a prospective cohort study [407] (2þ). Possible

reasons may be a decrease in appetite, impaired enteral tolerance

with dumping symptoms, meteorism and diarrhoea. The number of

nutrition-related complaints was not an independent risk factor for

the presence of suboptimal intake of nutrients [407] (2þ). There-

fore, these patients are at metabolic risk, and follow-up of nutri-

tional status (minimum BMI) including documentation of the

amount of oral food intake is necessary.

Follow up of the nutritional status can be easily performed by

observation of the BMI. However, the BMI is not sensitive for dif-

ferences in body composition without change of BMI. Bioelectrical

Impedance Analysis (BIA) is a feasible non-invasive tool which is

also convenient for outpatients [28]. The intra-individual course

can be well documented in a three-compartment-model including

extracellular (ECM) and body cell mass (BCM) as well as fat mass.

From body impedance, the ratio of ECM/BCM and the phase angle

may be easily calculated providing reliable information about the

cell content in the body. Ideally, the first measurement will be

performed before surgery [158].

Dietary counselling is strongly recommended and appreciated

by most patients. If implanted during surgery, NCJ is advantageous

because it must not be removed at the time of discharge from the

hospital. If necessary supplementary EN can be continued via NCJ

e.g. with 500 or 1000 kcal/day overnight. Appropriate training will

enable most of the patients to administer jejunostomy tube feeds

themselves. In a randomized study home enteral feeding by jeju-

nostomy was shown to be safe and feasible. Better weight, muscle

and fat store preservation was observed [408] (1�). Although

further weight loss cannot be avoided completely, attenuation of

weight loss can be expected as well as for oral nutritional supple-

mentation [198] (2�).

In six RCTs postoperative and post hospital administration of

ONS have been investigated [184,190,194,207,214,362] (all 1þ). The

available data do not show with certainty that routine adminis-

tration improves outcome but they do show benefit in terms of

nutritional status, rate of minor complications, well-being and

quality of life in patients who cannot meet their nutritional re-

quirements at home from normal food. This applies mainly to pa-

tients after major gastrointestinal surgery [409] (2þ), colorectal

resections [410] (2þ) and to geriatric patients with fractures

[136,145,187] (all 2þ). Among geriatric patients, compliance with

nutritional intake was low, independently of nutritional status.

However, total energy intake was still significantly higher in the

treatment compared with the control group [145,211] (both 2þ).

Further data from controlled studies are warranted to look for

potential long-term benefits.

6. Organ transplantation

6.1. When is enteral nutrition necessary before solid organ

transplantation?

Recommendation 28:

Malnutrition is a major factor influencing outcome after trans-

plantation, so monitoring of the nutritional status is recommended. In

malnutrition, additional oral nutritional supplements or even tube

feeding is advised.

Grade of recommendation GPP e strong consensus (100%

agreement)

Recommendation 29:

Regular assessment of nutritional status and qualified dietary

counselling shall be required while monitoring patients on the waiting

list before transplantation.

Grade of recommendation GPP e strong consensus (100%

agreement)

Recommendation 30:

Recommendations for the living donor and recipient are not

different from those for patients undergoing major abdominal surgery.

Grade of recommendation GPP e strong consensus (97%

agreement)

Particular issues regarding the influence of EN on the course/

progression of liver disease are discussed in the hepatology

guidelines.

Commentary:

Undernutrition is likely to lead to a faster progression of the

underlying disease, especially in the presence of cardiac and res-

piratory insufficiency, and leads to impaired functional status (see
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respective guidelines). Negative energy balance is highly prevalent

among patients on the waiting list for liver transplantation and is

associated with the severity of liver disease. Nutritional parameters

have been shown to correlate with outcome after transplantation

[160,161,164,166,411,412] (all 2). During the often long preoperative

waiting period, there is time to try to replete patients nutritionally.

Food composition may be inadequate and intake of energy and

protein overall too low [413] (2�). Four interventional studies (two

randomized) on preoperative nutrition in patients waiting for or-

gan transplantation have been performed [414,415] (both 1þ),

[416,417] (both 2þ). Improvement in parameters of nutritional

status was shown in all four studies. There was no difference in

mortality between patients on the waiting list and patients after

transplantation In case of nutritional intervention no association

was found between mortality and nutritional status [166] (2þ). In

one randomized study the improved parameters of nutritional

status before transplantation did not affect outcome and mortality

[415] (1þ).

Besides malnutrition, and despite the obesity paradox, obesity

remains a significant metabolic risk factor for the outcome of pa-

tients undergoing organ transplantation [418] (2þ). Therefore,

nutritional monitoring and treatment should also include obesity

and metabolic syndrome in order to obtain weight loss and risk

minimization.

Early results concerning the benefits of immune modulating

formulae during the waiting period and five days after liver

transplantation show favourable long-term impact on total body

protein and a possible reduction of infectious complications [417]

(2þ). In a Japanese pilot study, 23 living donors for liver trans-

plantation were randomized for the intake of a supplement

enriched with antioxidants for five days prior to surgery. While an

increase in antioxidant capacity was observed in the intervention

group no significant differences were found for any immunological

or clinical parameter [419] (1�).

At present, there is a paucity of data available with regard to

metabolic preconditioning of the (living) donor and recipient.

Experimental results [420] showing the impact of nutritional status

on liver preservation injury also favour the concept of metabolic

preparation by preoperative carbohydrate drink.

6.2. When is nutritional therapy indicated after solid organ

transplantation?

Recommendation 31:

After heart, lung, liver, pancreas, and kidney transplantation, early

intake of normal food or enteral nutrition is recommended within 24 h.

Grade of recommendation GPP e strong consensus (100%

agreement)

Recommendation 32:

Even after transplantation of the small intestine, enteral nutrition

can be initiated early, but should be increased very carefully within the

first week.

Grade of recommendation GPP e strong consensus (93%

agreement)

Recommendation 33:

If necessary enteral and parenteral nutrition should be combined.

Long-term nutritional monitoring and qualified dietary counselling

are recommended for all transplants.

Grade of recommendation GPP e strong consensus (100%

agreement)

Commentary:

It is generally agreed that early normal food or EN should be

administered in patients undergoing transplantation [Guideline

[421], [422,423] (both 1�). In cases of undernutrition it should be

combined with PN if enteral delivery of nutrients is inadequate.

(See also Recommendation 7 and 8). Insertion of a NCJ is feasible in

patients undergoing liver transplantation [424] (2�).

For the first 48 h caloric intake <18 kcal/kg/day may be bene-

ficial for the early graft function after liver transplantation

[425] (2�).

Absorption and blood levels of tacrolimus are not affected by EN

[426] (2þ).

EN is at least equal to PN in patients after liver transplantation

[231] (1þ) and has been shown to reduce the incidence of viral and

bacterial infections [423] (1þ), [427] (1�).

Compared with standard EN formulae plus the use of se-

lective digestive decontamination, the use of a high soluble

fibre formula with probiotic bacteria (Lactobacillus plantarum)

has been shown to reduce significantly the rate of infections

[347] (1þ). Early EN enriched with a mixture of probiotic bac-

teria and soluble fibre significantly reduced bacterial infection

rate compared with a supplement containing only fibre [341]

(1þ).

EN is possible despite increased intestinal secretion in small

bowel transplantation and can be performed at low delivery rates

in the first week [428e431] (all 2�). Micronutrients and minerals

should be monitored and supplemented because deficiencies were

observed in 21 paediatric and young adult patients undergoing

intestinal transplantationwith special regard to thosewho received

jejunal tube feeding [432] (2�).

EN and PN are equally important in patients after liver trans-

plantation [231] (1þ).

Benefits have been reported with administration of MCT/LCT

lipid emulsions compared to LCT emulsions, with more favourable

regeneration of the function of the reticuloendothelial system after

liver transplantation [433] (2þ). There was no difference in the

metabolism of both lipid preparations [434] (1þ).

When compared with routine treatment including an oral diet

or additional PN with 20% MCT/LCT emulsion the use of a omega-3

fish oil lipid emulsion for 7 days after liver transplantation showed

significant benefits with regard to ischaemia-reperfusion graft

injury, infectious morbidity and postransplant hospital stay

[435,436] (both 2þ). Advantages regarding the recovery of the graft

may be expected from the results of a meta-analysis of 21 RCTs

[281] (1þþ).

Experience with the use of enteral immune modulating

formulae is still only small. The first controlled data on the use

of an immune modulating formula including arginine, omega-3-

fatty acids and ribonucleotides suggest that unfavourable effects

on immunosuppression are unlikely [417] (2þ), [438] (1þ).

However, no benefits were observed in a RCT [438] (1þ).

Another study had been stopped early without reporting results

[439].

For parenteral and enteral use of omega-3-fatty acids the meta-

analysis from Lei et al. [437] (1�) included four heterogenous

studies, two published in Chinese. For the use of glutamine dipep-

tide two studies published in Chinese were included. While for

patients who received omega-3-fatty acids no significant decrease

was found in the rate of infectious complications this benefit was

observed for the parenteral glutamine administration (RR: 0.30; 95%

C I: 0.12-0.75, p ¼ 0.01). The rate of rejection reaction was without

significant difference for the pooled data and the subgroups.

Long-term nutritional monitoring and dietary counselling is

reasonable becausemany patients undergoing transplantation show
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inadequate body composition. Increased fat and reduced lean body

mass were observed in 145 patients undergoing renal trans-

plantation and patients with a normal BMI had better renal graft

function than those with obesity [440] (2�). In order to improve

kidney function, rejection rates, patient and graft survival fish oil use

after renal transplantation was analysed in a Cochrane Systematic

Review including 15 RCT with 733 patients [441] (1þþ). Besides a

modest improvement in HDL cholesterol and diastolic blood pres-

sure no benefit in clinical outcome was found [440] (1þþ).

7. Bariatric surgery

7.1. When is perioperative nutritional therapy indicated in the

bariatric patient?

Recommendation 34:

Early oral intake can be recommended after bariatric surgery.

Grade of recommendation 0 e strong consensus (100% agreement)

Commentary:

Consensus exists about early oral nutrition after bariatric surgery

[442e445]. There is no difference in management when compared

with any other (upper) gastrointestinal surgical procedures.

Nutritional care in patients undergoing bariatric surgery ex-

tends well beyond the perioperative period. Clinical practice

guidelines were elaborated by an American expert panel first in

2008 and regularly updated since (last update: [445]). The most

important issues are addressed in a recent review [446]. The pre-

operative assessment should include screening for malnutrition

and deficiency in vitamins and trace elements. Superobese patients

might benefit from preoperative weight loss (reduced complication

rate). Early postoperative food intake is advocated, and supple-

mentationwith protein powders is suggested in order tomeet daily

requirements of 60 g protein/day. Of note, standard oral supple-

ments contain high glucose concentrations and are problematic in

bariatric patients as they can cause dumping syndrome. Post-

operative nutritional follow-up by a dedicated team is a must in

these patients for dietary counselling, to monitor weight loss, and

to prevent deficiencies of micronutrients with special emphasis on

bone health (vitamin D3, Ca). In this context, physical exercise

should be encouraged strongly, although evidence is lacking.

ERAS principles have been applied also in bariatric surgery

[447]. Standardized pathways have been shown to facilitate

implementation and to improve process quality, while clinical

benefits were minimal at best [447,448] (both 2þ).

Potential benefits of preoperative carbohydrate loading and

postoperative peripheral PN vs. standard management were stud-

ied in a cohort of 203 laparoscopic Roux-en-Y bypass patients.

While the nutritional interventions appeared to be safe even in

patients with type 2 diabetes, careful analysis of various nutritional

parameters and clinical outcomes did not show any statistically

significant difference between the groups [449] (1þ).

Recommendation 35:

Parenteral nutrition is not required in uncomplicated bariatric

surgery.

Grade of recommendation 0 e strong consensus (100% agreement)

Commentary:

While hypocaloric nutrition is part of the treatment strategy in

patients with an uncomplicated course, there is no need for

supplemental PN. The Allied Health Nutritional Guidelines for the

Surgical Weight Loss Patient do not recommend PN on a regular

basis [442]. In these patients the GI tract is usually working and

catheter associated complications have to be considered [450].

Recommendation 36:

In case of a major complication with relaparotomy the use of a

nasojejunal tube/needle catheter jejunostomy may be considered (0).

Grade of recommendation 0 e consensus (87% agreement)

Recommendation 37:

Further recommendations are not different from those for patients

undergoing major abdominal surgery (0).

Grade of recommendation 0 e strong consensus (94% agreement)

Commentary:

Even in case of major complications after bariatric procedures

EN has proven advantages with regard tomortality and higher cost-

effectiveness [451e453] (all 2þ). A high protein formula can be

recommended. For enteral feeding nasojejunal tubes, NCJ or gas-

trostomy in the gastric remnant may be considered carefully

[446,451e453] (all 2þ). NCJ and PEG have a considerably higher

risk for leakage in the obese patient. A nasojejunal tube may be

placed in the operating room.

8. Conclusion

These guidelines are based on currently best-available evidence

and it must be emphasised that in certain areas the evidence is not

strong. Inevitably, new evidence in the future will lead to

strengthening or modification of the guidelines.

Conflict of interest

The expert members of the working group were accredited by

the ESPEN Guidelines Group, the ESPEN Education and Clinical

Practice Committee, and the ESPEN Executive Committee. All

expert members have declared their individual conflicts of interest

according to the rules of the International Committee of Medical

Journal Editors (ICMJE). If potential conflicts were indicated, they

were reviewed by the ESPEN guideline officers and, in cases of

doubts, by the ESPEN Executive. None of the expert panel had to be

excluded from theworking group or from co-authorship because of

serious conflicts. The conflict of interest forms are stored at the

ESPEN guideline office and can be reviewed by ESPEN members

with legitimate interest upon request to the ESPEN Executive.

Acknowledgements

Special thanks to themembers of the DGEMGuideline Group for

their valued work: Prof. Stefan Breitenstein, Winterthur/

Switzerland, Dr. Jan-Philipp Breuer, Berlin/Germany, Priv. Doz. Dr.

Sabine Gabor, Leoben/Austria, Prof. Stefan Holland-Cunz, Basel/

Switzerland, Prof. Matthias Kemen, Herne/Germany, Prof. Friedrich

L€angle, Vienna/Austria, Prof. Nada Rayes, Leipzig/Germany, Prof.

Bernd Reith, Kassel/Germany, Prof. Wolfgang Schwenk, Hamburg/

Germany, Prof. Metin Senkal, Witten/Germany.

The working group also wishes to espress its gratitude to Fed-

erico Bozzetti (Milan/Italy) and Peter Soeters (Maastricht/The

Netherlands), Professors Emeriti of Surgery, for their thoughtful and

worthwhile comments and suggestions.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 641



Appendix A. Supplementary data

Supplementary data related to this article can be found at http://

dx.doi.org/10.1016/j.clnu.2017.02.013.

References

[1] Soeters P, Bozzetti F, Cynober L, Elia M, Shenkin A, Sobotka L. Meta-analysis is
not enough: the critical role of pathophysiology in determining optimal care

in clinical nutrition. Clin Nutr 2016;35:748e57.

[2] Yeh DD, Fuentes E, QUrashi SA, Cropano C, Kaafarani H, Lee J, et al. Adequate
nutrition may get you home: effect of caloric/protein deficits on the

discharge destination of critically ill surgical patients. J Parenter Enteral Nutr
2016;40:37e44.

[3] Horowitz M, Neeman E, Sharon E, Ben-Eliyahu S. Exploiting the critical
perioperative period to improve long-term cancer outcomes. Nat Rev Clin

Oncol 2015:213e26.

[4] Gustafsson UO, Oppelstrup H, Thorell A, Nygren J, Ljungqvist O. Adherence to
the ERAS protocol is associated with 5-year survival after colorectal cancer

surgery: a retrospective cohort study. World J Surg 2016;40:1741e7.
[5] Gillis C, Carli F. Promoting perioperative metabolic and nutritional care.

Anesthesiology 2015;123:1455e72.

[6] Alazawi W, Pirmadid N, Lahiri R, Bhattacharya S. Inflammatory and immune
responses to surgery and their clinical impact. Ann Surg 2016;64:73e80.

[7] Aahlin EK, Tranø G, Johns N, Horn A, Søreide JA, Fearon KC, et al. Risk factors,
complications and survival after upper abdominal surgery: a prospective

cohort study. BMC Surg 2015;15:83.
[8] Soeters MR, Soeters PB, Schooneman MG, Houten SM, Rimijn JA. Adaptive

reciprocity of lipid and glucose metabolism in human short-term starvation.

Am J Physiol Endocrinol Metab 2012;303:E1397e407.
[9] Soeters PB, Schols AM. Advances in understanding and assessing malnutri-

tion. Curr Opin Clin Nutr Metab Care 2009;12:487e94.
[10] Kehlet H. Multimodal approach to control postoperative pathophysiology

and rehabilitation. Br J Anaesth 1997;78:606e17.

[11] Fearon KC, Ljungqvist O, Von Meyenfeldt M, Revhaug A, Dejong CH, Lassen K,
et al. Enhanced recovery after surgery: a consensus review of clinical care for

patients undergoing colonic resection. Clin Nutr 2005;24:466e77.
[12] Ljungqvist O. ERAS-enhanced recovery after surgery: moving evidence-

based perioperative care to practice. J Parenter Enteral Nutr 2014;38:
559e66.

[13] Bakker N, Cakir H, Doodeman HJ, Houdijk AP. Eight years of experience with

Enhanced Recovery After Surgery in patients with colon cancer: impact of
measures to improve adherence. Surgery 2015;157:1130e6.

[14] Lassen K, Soop M, Nygren J, Cox PB, Hendry PO, Spies C, et al., Enhanced
Recovery After Surgery (ERAS) Group. Consensus review of optimal periop-

erative care in colorectal surgery: Enhanced Recovery After Surgery (ERAS)

Group recommendations. Arch Surg 2009;144:961e9.
[15] Varadhan KK, Neal KR, Dejong CH, Fearon KC, Ljungqvist O, Lobo DN. The

enhanced recovery after surgery (ERAS) pathway for patients undergoing
major elective open colorectal surgery: a meta-analysis of randomized

controlled trials. Clin Nutr 2010;29:434e40.

[16] 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;38:1531e41.
[17] Gustafsson UO, Scott MJ, Schwenk W, Demartines N, Roulin D, Francis N, ,

et alEnhanced Recovery After Surgery Society. Guidelines for perioperative
care in elective colonic surgery: Enhanced Recovery After Surgery (ERAS®)

society recommendations. Clin Nutr 2012;31:783e800.

[18] Mortensen K, Nilsson M, Slim K, Sch€afer M, Mariette C, Braga M, et al.
Consensus guidelines for enhanced recovery after gastrectomy: Enhanced

Recovery After Surgery (ERAS®) Society recommendations. Br J Surg
2014;101:1209e29.

[19] Balzano G, Zerbi A, Braga M, Rocchetti S, Beneduce AA, Di Carlo V. Fast-track

recovery programme after pancreatico-duodenectomy reduces delayed
gastric emptying. Br J Surg 2008;95:1387e93.

[20] Braga M, Pecorelli N, Ariotti R, Capretti G, Greco M, Balzano G, et al.
Enhanced recovery after surgery pathway in patients undergoing pan-

creaticoduodenectomy. World J Surg 2014;38:2960e6.
[21] Nygren J, Thacker J, Carli F, Fearon KC, Norderval S, Lobo DN, , et alEnhanced

Recovery After Surgery Society. Guidelines for perioperative care in elective

rectal/pelvic surgery: Enhanced Recovery After Surgery (ERAS(R)) Society
recommendations. Clin Nutr 2012;31:801e16.

[22] Patel HR, Cerantola Y, Valerio M, Persson B, Jichlinski P, Ljungqvist O, et al.
Enhanced recovery after surgery: are we ready, and can we afford not to

implement these pathways for patients undergoing radical cystectomy? Eur

Urol 2014;65:263e6.
[23] Wijk L, Franzen K, Ljungqvist O, Nilsson K. Implementing a structured

Enhanced Recovery after Surgery (ERAS) protocol reduces length of stay after
abdominal hysterectomy. Acta Obstet Gynecol Scand 2014;93:749e56.

[24] Nelson G, Altman AD, Nick A, Meyer LA, Ramirez PT, Achtari C, et al.
Guidelines for pre- and intra-operative care in gynecologic/oncology sur-

gery: Enhanced Recovery After Surgery (ERAS) Society recommendations e

part 1. Gynecol Oncol 2016;140:313e22.

[25] Bond Smith G, Belgaumkar AP, Davison BR, Gurusamy KS. Enhanced recovery

protocols for major upper gastrointestinal, liver and pancreatic surgery.
Cochrane Database Syst Rev 2016;1:2. CD011382.

[26] Slieker J, Frauche P, Jurt J, Addor V, Blanc C, Demartines N, et al. Enhanced
recovery ERAS for elderly: a safe and beneficial pathway in colorectal sur-

gery. Int J Colorectal Dis 2017;32:215e21.

[27] Cederholm T, Barrazoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al.
ESPEN guidelines on definitions and terminology of clinical nutrition. Clin

Nutr 2017;36:49e64.
[28] Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum A, Klek S, et al.

Diagnostic criteria for malnutrition - an ESPEN consensus statement. Clin
Nutr 2015;34:335e40.

[29] Chambrier C, Sztark F. Societ�e francophone de nutrition clinique et

m�etabolisme (SFNEP), Societ�e francaise de l'an�esthesie et r�eanimation (SFAR)
French clinical guidelines on perioperative nutrition - update of the 1994

consensus conference on perioperative artificial nutrition for elective sur-
gery in adults. J Visc Surg 2012;49:e325e336.

[30] Kondrup J, Allison SP, Elia M, Vellas B, Plauth M, Educational and Clinical

Practice Committee, European Society of Parenteral and Enteral Nutrition
(ESPEN). ESPEN guidelines for nutrition screening 2002. Clin Nutr 2003;22:

415e21.
[31] Cheema FN, Abraham NS, Berger DH, Albo D, Taffet GE, Naik AD. Novel ap-

proaches to perioperative assessment and intervention may improve long-

term outcomes after colorectal cancer resection in older adults. Ann Surg
2011;253:867e74.

[32] Soeters PB, Reijven PL, van Bokhorst-de van der Schueren MA, Schols JM,
Halfens RJ, Meijers JM, et al. A rational approach to nutritional assessment.

Clin Nutr 2008;27:706e16.
[33] Studley HM. Percentage of weight loss e a basic indicator for surgical risk in

patients with chronic peptic ulcer. JAMA 1936;106:458e60.

[34] van Bokhorst-de van der Schueren MA, van Leeuwen PA, Sauerwein HP,
Kuik DJ, Snow GB, Quak JJ. Assessment of malnutrition parameters in head

and neck cancer and their relation to postoperative complications. Head
Neck 1997;19:419e25.

[35] Durkin MT, Mercer KG, McNulty MF, Phipps L, Upperton J, Giles M, et al.

Vascular surgical society of great britain and Ireland: contribution of
malnutrition to postoperative morbidity in vascular surgical patients. Br J

Surg 1999;86:702.
[36] Pikul J, Sharpe MD, Lowndes R, Ghent CN. Degree of preoperative malnu-

trition is predictive of postoperative morbidity and mortality in liver trans-
plant recipients. Transplantation 1994;57:469e72.

[37] Valentini L, VolkertD, Schütz T,Ockenga J, PirlichM,DrumlW, et al. Suggestions

for terminology in clinical nutrition. Clin Nutr ESPEN 2014;9:e97e108.
[38] Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist O, Soeters P, et al.

ESPEN guidelines on enteral nutrition: surgery including organ trans-
plantation. Clin Nutr 2006;25:224e44.

[39] Gupta D, Vashi PG, Lammersfeld CA, Braun DP. Role of nutritional status in

predicting the length of stay in cancer: a systematic review of the epide-
miological literature. Ann Nutr Metab 2011;59:96e106.

[40] Hiesmayr M, Schindler K, Pernicka E, Schuh C, Schoeniger-Hekele A, Bauer P,
et al. Decreased food intake is a risk factor for mortality in hospitalised pa-

tients: the NutritionDay survey 2006. Clin Nutr 2009;28:484e91.
[41] Sorensen J, Kondrup J, Prokopowicz J, Schiesser M, Krahenbuhl L, Meier R,

et al. EuroOOPS: an international, multicentre study to implement nutri-

tional risk screening and evaluate clinical outcome. Clin Nutr 2008;27:
340e9.

[42] Schwegler I, von Holzen A, Gutzwiller JP, Schlumpf R, Mühlebach S, Stanga Z.
Nutritional risk is a clinical predictor of postoperative mortality and

morbidity in surgery for colorectal cancer. Br J Surg 2010;97:92e7.

[43] Kuppinger D, Hartl WH, Bertok M, Hoffmann JM, Cederbaum J, Küchenhoff H,
et al. Nutritional screening for risk prediction in patients scheduled for

abdominal operations. Nutrition 2012;99:728e37.
[44] van Stijn MF, Korkic-Halilovic I, Bakker MS, van der Ploeg T, van Leeuwen PA,

Houdijk AP. Preoperative nutrition status and postoperative outcome in
elderly general surgery patients: a systematic review. J Parenter Enteral Nutr

2013;37:37e43.

[45] Khuri SF, Daley J, Henderson W, Hur K, Gibbs JO, Barbour G, et al. Risk
adjustment of the postoperative mortality rate for the comparative assess-

ment of the quality of surgical care: results of the National Veterans Affairs
Surgical Risk Study. J Am Coll Surg 1997;185:315e27.

[46] Malone DL, Genuit T, Tracy JK, Gannon C. Napolitano LM surgical site in-

fections: reanalysis of risk factors. J Surg Res 2002;103:89e95.
[47] Suding P, Jensen E, Abramson MA, Itani K, Wilson SE. Definitive risk factors

for anastomotic leaks in elective open colorectal resection. Arch Surg
2008;143:907e11.

[48] Hennessey DB, Burke JP, Ni-Dhonochu T, Shields C, Winter DC, Mealy K.

Preoperative hypoalbuminemia is an independent risk factor for the devel-
opment of surgical site infection following gastrointestinal surgery: a multi-

institutional study. Ann Surg 2010;252:325e9.
[49] Hu WH, Chen HH, Lee KC, Liu L, Eisenstein S, Parry L, et al. Assessment of the

addition of hypoalbuminemia to ACS-NSQIP surgical risk calculator in colo-
rectal cancer. Medicine (Baltimore) 2016;95:e2999.

[50] Bozzetti F, Gianotti L, Braga M, Di Carlo V, Mariani L. Postoperative compli-

cations in gastrointestinal cancer patients: the joint role of the nutritional
status and the nutritional support. Clin Nutr 2007;26:698e709.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650642

http://dx.doi.org/10.1016/j.clnu.2017.02.013
http://dx.doi.org/10.1016/j.clnu.2017.02.013
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref1
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref1
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref1
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref1
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref2
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref2
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref2
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref2
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref2
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref3
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref3
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref3
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref3
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref4
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref4
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref4
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref4
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref5
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref5
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref5
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref6
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref6
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref6
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref7
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref7
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref7
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref7
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref7
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref8
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref8
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref8
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref8
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref9
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref9
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref9
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref10
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref10
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref10
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref11
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref11
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref11
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref11
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref12
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref12
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref12
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref12
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref13
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref13
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref13
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref13
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref14
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref14
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref14
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref14
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref14
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref15
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref15
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref15
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref15
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref15
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref16
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref16
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref16
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref16
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref17
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref17
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref17
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref17
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref17
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref17
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref18
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref18
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref18
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref18
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref18
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref18
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref18
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref19
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref19
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref19
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref19
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref20
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref20
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref20
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref20
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref21
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref21
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref21
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref21
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref21
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref22
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref22
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref22
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref22
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref22
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref23
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref23
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref23
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref23
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref24
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref24
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref24
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref24
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref24
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref25
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref25
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref25
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref26
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref26
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref26
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref26
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref27
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref27
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref27
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref27
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref28
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref28
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref28
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref28
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref29
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref30
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref30
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref30
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref30
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref30
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref31
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref31
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref31
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref31
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref31
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref32
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref32
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref32
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref32
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref33
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref33
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref33
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref33
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref34
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref34
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref34
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref34
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref34
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref35
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref35
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref35
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref35
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref36
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref36
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref36
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref36
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref37
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref37
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref37
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref38
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref38
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref38
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref38
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref39
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref39
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref39
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref39
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref40
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref40
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref40
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref40
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref41
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref41
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref41
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref41
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref41
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref42
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref42
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref42
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref42
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref43
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref43
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref43
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref43
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref44
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref44
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref44
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref44
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref44
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref45
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref45
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref45
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref45
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref45
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref46
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref46
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref46
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref47
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref47
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref47
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref47
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref48
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref48
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref48
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref48
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref48
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref49
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref49
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref49
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref50
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref50
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref50
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref50


[51] Soeters PB, Ebeid AM, Fischer JE. Review of 404 patients with gastrointestinal

fistulas. Impact of parenteral nutrition. Ann Surg 1979;190:189e202.
[52] Visschers RG, van Gemert WG, Winkens B, Soeters PB, Olde Damink SW.

Guided treatment improves outcome of patients with enterocutaneous fis-
tulas. World J Surg 2012;36(10):2341e8.

[53] Valkenet K, van de Port IG, Dronkers JJ, de Vries WR, Lindeman E, Backx FJ.

The effects of preoperative exercise therapy on postoperative outcome: a
systematic review. Clin Rehabil 2011;25:99e111.

[54] Santa Mina D, Clarke H, Ritvo P, Leung YW, Matthew AG, Katz J, et al. Effect of
total-body prehabilitation on postoperative outcomes: a systematic review

and meta-analysis. Physiotherapy 2014;100:196e207.
[55] Silver JK, Baima J. Cancer prehabilitation: an opportunity to decrease

treatment-related morbidity, increase cancer treatment options, and

improve physical and psychological health outcomes. Am J Phys Med Rehabil
2013;92:715e27.

[56] Dunne DF, Jack S, Jones L, Lythgoe DT, Malik HZ, Poston GJ, et al. Randomized
clinical trial of prehabilitation before planned liver resection. Br J Surg

2016;103:504e12.

[57] Gianotti LMorelli L, Galbiati F, Rocchetti S, Coppola S, Beneduce A,
Gialardini C, et al. A randomized double-blind trial on perioperative

administration of probiotics in colorectal cancer patients. World J Gastro-
enterol 2010;16:167e75.

[58] Bragg D, El-Sharkawy AM, Psaltis E, Maxwell-Armstrong CA, Lobo DN.

Postoperative ileus: recent developments in pathophysiology and manage-
ment. Clin Nutr 2015;34:367e76.

[59] Weimann A, Felbinger T. Gastrointestinal dysmotility in the critically ill: a role
for nutrition. Curr Opin Clin NutrMetab Care 2016 Jun 23 [Epub ahead of print].

[60] Schwarz NT, Kalff JC, Türler A, Speidel N, Grandis JR, Billiar TR, et al. Selective
jejunal manipulation causes postoperative pan-enteric inflammation and

dysmotility. Gastroenterology 2004;126:159e69.

[61] Spanjersberg WR, Sambeeck JDP, Bremers A, Rosman C, van
Laarhoven CJHM. Systematic review and meta-analysis for laparoscopic

versus open colon surgery with or without an ERAS programme. Surg Endosc
2015;29:3443e53.

[62] Chowdhury AH, Lobo DN. Fluids and gastrointestinal function. Curr Opin Clin

Nutr Metab Care 2011;14:469e76.
[63] Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ, Allison SP. Effect of

salt and water balance on recovery of gastrointestinal function after elective
colonic resection: a randomised controlled trial. Lancet 2002;359:1812e8.

[64] Brandstrup B, Tonnesen H, Beier-Holgersen R, Hjortso E, Ording H, Lindorff-
Larsen K, et al. Effects of intravenous fluid restriction on postoperative

complications: comparison of two perioperative fluid regimens: a random-

ized assessor-blinded multicenter trial. Ann Surg 2003;238:641e8.
[65] Greisen J, Juhl CB, Grofte T, Vilstrup H, Jensen TS, Schmitz O. Acute pain

induces insulin resistance in humans. Anesthesiology 2001;95:578e84.
[66] Uchida I, Asoh T, Shirasaka C, Tsuji H. Effect of epidural analgesia on post-

operative insulin resistance as evaluated by insulin clamp technique. Br J

Surg 1988;75:557e62.
[67] Soop M, Nygren J, Thorell A, Weidenhielm L, Lundberg M, Hammarqvist F,

et al. Preoperative oral carbohydrate treatment attenuates endogenous
glucose release 3 days after surgery. Clin Nutr 2004;23:733e41.

[68] Wei ZW, Li JL, Li ZS, Hao YT, He YL, Chen W, et al. Systematic review of
nasogastric or nasojejunal decompression after gastrectomy for gastric

cancer. Eur J Surg Oncol 2014;40:1763e70.

[69] Ishizuka M, Nagata H, Takagi K, Iwasaki Y, Shibuya N, Kubota K. Clinical
significance of the C-reactive protein to albumin ratio for survival after

surgery for colorectal cancer. Ann Surg Oncol 2016;23:900e7.
[70] Hübner M, Mantiziar S, Demartines N, Pralong F, Coti-Bertrand P, Sch€afer M.

Postoperative albumin drop is a marker for surgical stress and a predictor for

clinical outcome. Gastroenterol Res Pract 2016;2016. 8743187.
[71] McSorley ST, Watt DG, Horgan PG, McMillan DC. Postoperative systemic

inflammatory response, complication severity, and survival following sur-
gery for colorectal cancer. Ann Surg Oncol 2016;23:2832e40.

[72] Koller M, Schutz T, Valentini L, Kopp I, Pichard C, Lochs H, Clinical Nutrition
Guideline Group. Outcome models in clinical studies: implications for

designing and evaluating trials in clinical nutrition. Clin Nutr 2013;32:650e7.

[73] Gerritsen A, Besselink MG, Gouma DJ, Steenhagen E, Borel Rinkes IH,
Molenaar IQ. Systematic review of five feeding routes after pan-

creatoduodenectomy. Br J Surg 2013;100:589e98.
[74] Langer G, Grossmann K, Fleischer S, Berg A, Grothues D, Wienke A, et al.

Nutritional interventions for liver-transplanted patients. Cochrane Database

Syst Rev 2012;8. CD007605.
[75] Weimann A, Breitenstein S, Breuer JP, Gabor SE, Holland-Cunz S, Kemen M,

L€angle F, et al. S-3 Leitlinie der Deutschen Gesellschaft für Ern€ahrungsme-
dizin Klinische Ern€ahrung in der Chirurgie. Aktuel Ernahrmed 2013;38:

e155e97.

[76] Bischoff SC, Singer P, Koller M, Barrazoni R, Cederholm T, van Gossum A.
Standard operating procedures for ESPEN guidelines and consensus papers.

Clin Nutr 2015;34:1043e51.
[77] Miller J, Petrie J. Development of practice guidelines. Lancet 2000;355:82e3.

[78] Nothacker M, Rütters D, Evidenzbericht. Analyse von Metaanalysen zur
perioperativen klinischen Ern€ahrung. Berlin: €Arztliches Zentrum für Qualit€at

in der Medizin 2012; 2012.

[79] Brady M, Kinn S, Stuart P. Preoperative fasting for adults to prevent peri-
operative complications. Cochrane Database Syst Rev 2003. CD004423.

[80] Lobo DN, Hendry PO, Rodrigues G, Marciani L, Totman JJ, Wright JW, et al.

Gastric emptying of three liquid oral preoperative metabolic preconditioning
regimens measured by magnetic resonance imaging in healthy adult vol-

unteers: a randomised double-blind, crossover study. Clin Nutr 2009;28:
636e41.

[81] Lambert E, Carey S. Practice guideline recommendations on perioperative

fasting. A systematic review. J Parenter Enteral Nutr 2016;40:1158e65.
[82] American Society of Anesthesiologist Task Force on Preoperative Fasting.

Practice guidelines for preoperative fasting and the use of pharmacologic
agents to reduce the risk of pulmonary aspiration: application to healthy

patients undergoing elective procedures: a report by the American Society of
Anesthesiologist Task Force on Preoperative Fasting. Anesthesiology

1999;90:896e905.

[83] Soreide E, Fasting S, Raeder J. New preoperative fasting guidelines in Nor-
way. Acta Anaesthesiol Scand 1997;41:799.

[84] Spies CD, Breuer JP, Gust R, Wichmann M, Adolph M, Senkal M, et al. Pre-
operative fasting. An update. Anaesthesist 2003;52:1039e45.

[85] Yuill KA, Richardson RA, Davidson HI, Garden OJ, Parks RW. The adminis-

tration of an oral carbohydrate-containing fluid prior to major elective
upper-gastrointestinal surgery preserves skeletal muscle mass post-

operatively e a randomised clinical trial. Clin Nutr 2005;24:32e7.
[86] Vermeulen MA, Richir MC, Garretsen MK, van Schie A, Ghatei MA, Holst JJ,

et al. Gastric emptying, glucose metabolism and gut hormones: evaluation of

a common preoperative carbohydrate beverage. Nutrition 2011;27:
897e903.

[87] Bopp C, Hofer S, Klein A, Weigand MA, Martin E, Gust R. A liberal pre-
operative fasting regimen improves patient comfort and satisfaction with

anesthesia care in day-stay minor surgery. Minerva Anestesiol 2011;77:
680e6.

[88] Hausel J, Nygren J, Lagerkranser M, Hellstrom PM, Hammarqvist F,

Almstrom C, et al. A carbohydrate-rich drink reduces preoperative discom-
fort in elective surgery patients. Anesth Analg 2001;93:1344e50.

[89] Kaska M, Grosmanova T, Havel E, Hyspler R, Petrova Z, Brtko M, et al. The
impact and safety of preoperative oral or intravenous carbohydrate admin-

istration versus fasting in colorectal surgery e a randomized controlled trial.

Wien Klin Wochenschr 2010;122:23e30.
[90] Meisner M, Ernhofer U, Schmidt J. Liberalisation of preoperative fasting

guidelines: effects on patient comfort and clinical practicability during
elective laparoscopic surgery of the lower abdomen. Zentralbl Chir

2008;133:479e85.
[91] Bisgaard T, Kristiansen VB, Hjortso NC, Jacobsen LS, Rosenberg J,

Kehlet H. Randomized clinical trial comparing an oral carbohydrate

beverage with placebo before laparoscopic cholecystectomy. Br J Surg
2004;91:151e8.

[92] Hausel J, Nygren J, Thorell A, Lagerkranser M, Ljungqvist O. Randomized
clinical trial of the effects of oral preoperative carbohydrates on post-

operative nausea and vomiting after laparoscopic cholecystectomy. Br J Surg

2005;92:415e21.
[93] Nygren J, Soop M, Thorell A, Efendic S, Nair KS, Ljungqvist O. Preoperative

oral carbohydrate administration reduces postoperative insulin resistance.
Clin Nutr 1998;17:65e71.

[94] Baban B, Thorell A, Nygren J, Bratt A, Ljungqvist O. Determination of insulin
resistance in surgery: the choice ofmethod is crucial. Clin Nutr 2015;34:123e8.

[95] 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;8:563e9.

[96] Mathur S, Plank LD, McCall JL, Shapkov P, McIlroy K, Gillanders LK, et al.
Randomized controlled trial of preoperative oral carbohydrate treatment in

major abdominal surgery. Br J Surg 2010;97:485e94.

[97] Breuer JP, von Dossow V, von Heymann C, Griesbach M, von Schickfus M,
Mackh E, et al. Preoperative oral carbohydrate administration to ASA III-IV

patients undergoing elective cardiac surgery. Anesth Analg 2006;103:
1099e108.

[98] Rapp-Kesek D, Stridsberg M, Andersson LG, Berne C, Karlsson T. Insulin
resistance after cardiopulmonary bypass in the elderly patient. Scand Car-

diovasc J 2007;41:102e8.

[99] Jarvela K, Maaranen P, Sisto T. Pre-operative oral carbohydrate treatment
before coronary artery bypass surgery. Acta Anaesthesiol Scand 2008;52:

793e7.
[100] 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;32:34e44.
[101] Smith MD, McCall J, Plank L, Herbison GP, Soop M, Nygren J. Preoperative

carbohydrate treatment for enhancing recovery after elective surgery.
Cochrane Database Syst Rev 2014 Aug 14;8. http://dx.doi.org/10.1002/

14651858.CD009161.pub2. CD009161.

[102] Amer MA, Smith MD, Herbison GP, Plank LD, McCall JL. Network meta-
analysis of the effect of preoperative carbohydrate loading on recovery af-

ter elective surgery. Br J Surg 2017;104:187e97.
[103] Dock-Nascimento DB, de Aguilar-Nascimento JE, Magalhaes Faria MS,

Caporossi C, Slhessarenko N, Waitzberg DL. Evaluation of the effects of a
preoperative 2-hour fast with maltodextrine and glutamine on insulin

resistance, acute-phase response, nitrogen balance, and serum glutathione

after laparoscopic cholecystectomy: a controlled randomized trial. J Parenter
Enteral Nutr 2012;36:43e52.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 643

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref51
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref51
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref51
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref52
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref52
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref52
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref52
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref53
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref53
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref53
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref53
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref54
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref54
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref54
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref54
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref55
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref55
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref55
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref55
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref55
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref56
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref56
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref56
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref56
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref57
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref57
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref57
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref57
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref57
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref58
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref58
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref58
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref58
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref59
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref59
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref60
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref60
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref60
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref60
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref61
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref61
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref61
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref61
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref61
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref62
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref62
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref62
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref63
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref63
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref63
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref63
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref64
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref64
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref64
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref64
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref64
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref65
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref65
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref65
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref66
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref66
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref66
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref66
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref67
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref67
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref67
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref67
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref68
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref68
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref68
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref68
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref69
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref69
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref69
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref69
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref70
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref70
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref70
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref70
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref71
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref71
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref71
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref71
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref72
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref72
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref72
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref72
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref73
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref73
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref73
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref73
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref74
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref74
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref74
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref75
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref76
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref76
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref76
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref76
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref77
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref77
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref78
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref78
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref78
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref78
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref78
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref78
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref79
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref79
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref80
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref80
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref80
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref80
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref80
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref80
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref81
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref81
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref81
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref82
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref82
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref82
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref82
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref82
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref82
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref82
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref83
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref83
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref84
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref84
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref84
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref85
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref85
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref85
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref85
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref85
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref85
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref86
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref86
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref86
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref86
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref86
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref87
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref87
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref87
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref87
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref87
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref88
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref88
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref88
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref88
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref89
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref89
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref89
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref89
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref89
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref89
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref90
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref90
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref90
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref90
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref90
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref91
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref91
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref91
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref91
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref91
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref92
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref92
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref92
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref92
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref92
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref93
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref93
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref93
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref93
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref94
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref94
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref94
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref95
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref95
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref95
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref95
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref96
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref96
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref96
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref96
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref97
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref97
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref97
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref97
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref97
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref98
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref98
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref98
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref98
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref99
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref99
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref99
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref99
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref100
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref100
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref100
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref100
http://dx.doi.org/10.1002/14651858.CD009161.pub2
http://dx.doi.org/10.1002/14651858.CD009161.pub2
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref102
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref102
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref102
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref102
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref103
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref103
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref103
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref103
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref103
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref103
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref103


[104] Braga M, Bissolati M, Rocchetti S, Beneduce A, Pecorelli N, Di Carlo V. Oral

preoperative antioxidants in pancreatic surgery: a double-blind, random-
ized, clinical trial. Nutrition 2012;28:160e4.

[105] Braga M, Ljungqvist O, Soeters P, Fearon K, Weimann A, Bozzetti F. ESPEN
guidelines on parenteral nutrition: surgery. Clin Nutr 2009;28:378e86.

[106] Bolder U, Ebers M, Tacke J, L€ohlein D. Effekte einer unmittelbaren

pr€aoperativen Substratzufuhr auf das postoperative Stoffwechselverhalten.
Infusionsther 1995;20:98e103.

[107] Bickel A, Shtamler B, Mizrahi S. Early oral feeding following removal of
nasogastric tube in gastrointestinal operations. A randomized prospective

study. Arch Surg 1992;127:287e9.
[108] Elmore MF, Gallagher SC, Jones JG, Koons KK, Schmalhausen AW, Strange PS.

Esophagogastric decompression and enteral feeding following cholecystec-

tomy: a controlled, randomized prospective trial. J Parenter Enteral Nutr
1989;13:377e81.

[109] Petrelli NJ, Stulc JP, Rodriguez-Bigas M, Blumenson L. Nasogastric decom-
pression following elective colorectal surgery: a prospective randomized

study. Am Surg 1993;59:632e5.

[110] Feo CV, Romanini B, Sortini D, Ragazzi R, Zamboni P, Pansini GC, et al. Early
oral feeding after colorectal resection: a randomized controlled study. ANZ J

Surg 2004;74:298e301.
[111] Lassen K, Kjaeve J, Fetveit T, Tranø G, Sigurdsson HK, Horn A, et al. Allowing

normal food at will after major upper gastrointestinal surgery does not in-

crease morbidity: a randomized multicenter trial. Ann Surg 2008;247:721e9.
[112] Reissman P, Teoh TA, Cohen SM, Weiss EG, Nogueras JJ, Wexner SD. Is early

oral feeding safe after elective colorectal surgery? A prospective randomized
trial. Ann Surg 1995;222:73e7.

[113] Lewis SJ, Egger M, Sylvester PA, Thomas S. Early enteral feeding versus “nil
by mouth” after gastrointestinal surgery: systematic review and meta-

analysis of controlled trials. BMJ 2001;323:773e6.

[114] Barlow R, Price P, Reid TD, Hunt S, Clark GW, Havard TJ, et al. Prospective
multicentre randomised controlled trial of early enteral nutrition for patients

undergoing major upper gastrointestinal surgical resection. Clin Nutr
2011;30:560e6.

[115] Andersen HK, Lewis SJ, Thomas S. Early enteral nutrition within 24h of

colorectal surgery versus later commencement of feeding for postoperative
complications. Cochrane Database Syst Rev 2006;(4). CD004080.

[116] Lewis SJ, Andersen HK, Thomas S. Early enteral nutrition within 24 h of in-
testinal surgery versus later commencement of feeding: a systematic review

and meta-analysis. J Gastrointest Surg 2009;13:569e75.
[117] Mazaki T, Ebisawa K. Enteral versus parenteral nutrition after gastrointes-

tinal surgery: a systematic review and meta-analysis of randomized

controlled trials in the English literature. J Gastrointest Surg 2008;12:
739e55.

[118] Osland E, Yunus RM, Khan S, Memon MA. Early versus traditional post-
operative feeding in patients undergoing resectional gastrointestinal sur-

gery: a meta-analysis. J Parenter Enteral Nutr 2011;35:473e87.

[119] Gianotti L, Nespoli L, Torselli L, Panelli M, Nespoli A. Safety, feasibility, and
tolerance of early oral feeding after colorectal resection outside an

enhanced recovery after surgery (ERAS) program. Int J Colorectal Dis
2011;26:747e53.

[120] Han-Geurts IJ, 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;94:555e61.

[121] Carrere N, Seulin P, Julio CH, Bloom E, Gouzi JL, Pradere B. Is nasogastric or
nasojejunal decompression necessary after gastrectomy? A prospective

randomized trial. World J Surg 2007;31:122e7.
[122] Willcutts KF, Chung MC, Erenberg CL, Finn KL, Schirmer BD, Byham-Gray LD.

Early oral feeding as compared with traditional timing of oral feeding after

upper gastrointestinal surgery. Ann Surg 2016;264:54e63.
[123] Schwenk W, Bohm B, Haase O, Junghans T, Muller JM. Laparoscopic versus

conventional colorectal resection: a prospective randomised study of post-
operative ileus and early postoperative feeding. Langenbecks Arch Surg

1998;383:49e55.
[124] Bardram L, Funch-Jensen P, Kehlet H. Rapid rehabilitation in elderly patients

after laparoscopic colonic resection. Br J Surg 2000;87:1540e5.

[125] Chen HH, Wexner SD, Iroatulam AJ, Pikarsky AJ, Alabaz O, Nogueras JJ, et al.
Laparoscopic colectomy compares favorably with colectomy by laparotomy

for reduction of postoperative ileus. Dis Colon Rectum 2000;43:61e5.
[126] Basse L, Jakobsen DH, Bardram L, Billesbolle P, Lund C, Mogensen T, et al.

Functional recovery after open versus laparoscopic colonic resection: a

randomized, blinded study. Ann Surg 2005;241:416e23.
[127] Vlug MS, Wind J, Hollmann MW, Ubbink DT, Cense HA, Engel AF, et al., LAFA

Study Group. Laparoscopy in combination with fast track multimodal man-
agement is the best perioperative strategy in patients undergoing colonic

surgery: a randomized clinical trial (LAFA-study). AnnSurg 2011;254:868e75.

[128] Bronnimann S, Studer M, Wagner HE. Early postoperative nutrition after
elective colonic surgery. Langenbecks Arch Chir Suppl Kongressbd 1988;115:

1094e5.
[129] Choi J, O'Connell TX. Safe and effective early postoperative feeding and

hospital discharge after open colon resection. Am Surg 1996;62:853e6.
[130] Detry R, Ciccarelli O, Komlan A, Claeys N. Early feeding after colorectal

surgery. Preliminary results. Acta Chir Belg 1999;99:292e4.

[131] Bu J, Li N, Huang X, He S, Wen J, Wu X. Feasibility of Fast-Track surgery in
elderly patients with gastric cancer. J Gastrointest Surg 2015;19:1391e9.

[132] Bozzetti F, Mariani L. Perioperative nutritional support of patients under-

going pancreatic surgery in the age of ERAS. Nutrition 2014;30:1267e71.
[133] Engelman DT, Adams DH, Byrne JG, Aranki SF, Collins Jr JJ, Couper GS, et al.

Impact of body mass index and albumin on morbidity and mortality after
cardiac surgery. J Thorac Cardiovasc Surg 1999;118:866e73.

[134] Kama NA, Coskun T, Yuksek YN, Yazgan A. Factors affecting post-operative

mortality in malignant biliary tract obstruction. Hepatogastroenterology
1999;46:103e7.

[135] Klein JD, Hey LA, Yu CS, Klein BB, Coufal FJ, Young EP, et al. Perioperative
nutrition and postoperative complications in patients undergoing spinal

surgery. Spine (Phila Pa 1976) 1996;21:2676e82.
[136] Koval KJ, Maurer SG, Su ET, Aharonoff GB, Zuckerman JD. The effects of nutri-

tional status on outcome after hip fracture. J Orthop Trauma 1999;13:164e9.

[137] Takagi K, Yamamori H, Toyoda Y, Nakajima N, Tashiro T. Modulating effects
of the feeding route on stress response and endotoxin translocation in

severely stressed patients receiving thoracic esophagectomy. Nutrition
2000;16:355e60.

[138] Dannhauser A, Van Zyl JM, Nel CJ. Preoperative nutritional status and

prognostic nutritional index in patients with benign disease undergoing
abdominal operations e part I. J Am Coll Nutr 1995;14:80e90.

[139] Guo CB, Ma DQ, Zhang KH. Applicability of the general nutritional status
score to patients with oral and maxillofacial malignancies. Int J Oral Max-

illofac Surg 1994;23:167e9.

[140] Guo CB, Zhang W, Ma DQ, Zhang KH. Huang JQ Hand grip strength: an in-
dicator of nutritional state and the mix of postoperative complications in

patients with oral and maxillofacial cancers. Br J Oral Maxillofac Surg
1996;34:325e7.

[141] Jagoe RT, Goodship TH, Gibson GJ. The influence of nutritional status on com-
plications after operations for lung cancer. Ann Thorac Surg 2001;71:936e43.

[142] Lavernia CJ, Sierra RJ, Baerga L. Nutritional parameters and short term

outcome in arthroplasty. J Am Coll Nutr 1999;18:274e8.
[143] Mazolewski P, Turner JF, Baker M, Kurtz T, Little AG. The impact of nutri-

tional status on the outcome of lung volume reduction surgery: a prospec-
tive study. Chest 1999;116:693e6.

[144] Mohler JL, Flanigan RC. The effect of nutritional status and support on

morbidity and mortality of bladder cancer patients treated by radical cys-
tectomy. J Urol 1987;137:404e7.

[145] Patterson BM, Cornell CN, Carbone B, Levine B, Chapman D. Protein depletion
and metabolic stress in elderly patients who have a fracture of the hip. J Bone

Jt Surg Am 1992;74:251e60.
[146] Pedersen NW, Pedersen D. Nutrition as a prognostic indicator in amputa-

tions. A prospective study of 47 cases. Acta Orthop Scand 1992;63:675e8.

[147] Rey-Ferro M, Castano R, Orozco O, Serna A, Moreno A. Nutritional and
immunologic evaluation of patients with gastric cancer before and after

surgery. Nutrition 1997;13:878e81.
[148] van Bokhorst-de van der S, van Leeuwen PA, Kuik DJ, Klop WM,

Sauerwein HP, Snow GB, et al. The impact of nutritional status on the

prognoses of patients with advanced head and neck cancer. Cancer 1999;86:
519e27.

[149] Fukuda Y, Yamamoto K, Hirao N, Nishikawa K, Maeda S, Haraguchi N, et al.
Prevalence of malnutrition among gastric cancer patients undergoing gas-

trectomy and optimal preoperative nutritional support for preventing sur-
gical site infections. Ann Surg Oncol 2015;(Suppl. 3):778e85.

[150] Sandstrom R, Drott C, Hyltander A, Arfvidsson B, Schersten T, Wickstrom I,

et al. The effect of postoperative intravenous feeding (TPN) on outcome
following major surgery evaluated in a randomized study. Ann Surg

1993;217:185e95.
[151] Correia MI, Caiaffa WT, da Silva AL, Waitzberg DL. Risk factors for malnu-

trition in patients undergoing gastroenterological and hernia surgery: an

analysis of 374 patients. Nutr Hosp 2001;16:59e64.
[152] Bollschweiler E, Schroder W, Holscher AH, Siewert JR. Preoperative risk

analysis in patients with adenocarcinoma or squamous cell carcinoma of the
oesophagus. Br J Surg 2000;87:1106e10.

[153] Haugen M, Homme KA, Reigstad A, Teigland J. Assessment of nutritional
status in patients with rheumatoid arthritis and osteoarthritis undergoing

joint replacement surgery. Arthritis Care Res 1999;12:26e32.

[154] Merli M, Giusto M, Gentili F, Novelli G, Ferretti G, Riggio O, et al. Nutritional
status: its influence on the outcome of patients undergoing liver trans-

plantation. Liver Int 2010;30:208e14.
[155] Padillo FJ, Andicoberry B, Muntane J, Lozano JM, Mino G, Sitges-Serra A, et al.

Factors predicting nutritional derangements in patients with obstructive

jaundice: multivariate analysis. World J Surg 2001;25:413e8.
[156] Saito T, Kuwahara A, Shigemitsu Y, Kinoshita T, Shimoda K, Miyahara M,

et al. Factors related to malnutrition in patients with esophageal cancer.
Nutrition 1991;7:117e21.

[157] Takagi K, Yamamori H, Morishima Y, Toyoda Y, Nakajima N, Tashiro T. Pre-

operative immunosuppression: its relationship with high morbidity and
mortality in patients receiving thoracic esophagectomy. Nutrition 2001;17:

13e7.
[158] Weimann A, Meyer HJ, Muller MJ, Stenkhoff P, Miholic J, Jahne J, et al. Sig-

nificance of preoperative weight loss for perioperative metabolic adaptation
and surgical risk in patients with tumors of the upper gastrointestinal tract.

Langenbecks Arch Chir 1992;377:45e52.

[159] Meyer L, Meyer F, Dralle H, Ernst M, Lippert H, Gastinger I, East German
Study Group for Quality Control in Operative Medicine and Regional

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650644

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref104
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref104
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref104
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref104
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref105
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref105
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref105
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref106
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref106
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref106
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref106
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref106
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref106
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref107
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref107
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref107
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref107
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref108
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref108
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref108
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref108
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref108
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref109
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref109
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref109
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref109
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref110
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref110
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref110
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref110
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref111
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref111
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref111
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref111
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref111
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref112
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref112
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref112
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref112
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref113
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref113
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref113
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref113
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref114
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref114
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref114
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref114
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref114
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref115
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref115
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref115
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref116
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref116
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref116
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref116
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref117
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref117
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref117
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref117
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref117
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref118
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref118
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref118
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref118
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref119
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref119
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref119
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref119
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref119
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref120
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref120
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref120
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref120
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref121
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref121
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref121
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref121
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref122
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref122
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref122
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref122
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref123
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref123
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref123
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref123
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref123
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref124
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref124
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref124
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref125
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref125
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref125
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref125
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref126
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref126
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref126
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref126
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref127
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref127
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref127
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref127
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref127
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref128
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref128
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref128
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref128
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref129
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref129
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref129
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref130
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref130
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref130
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref131
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref131
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref131
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref132
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref132
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref132
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref133
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref133
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref133
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref133
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref134
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref134
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref134
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref134
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref135
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref135
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref135
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref135
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref136
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref136
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref136
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref137
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref137
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref137
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref137
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref137
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref138
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref138
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref138
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref138
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref138
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref139
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref139
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref139
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref139
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref140
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref140
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref140
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref140
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref140
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref141
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref141
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref141
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref142
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref142
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref142
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref143
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref143
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref143
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref143
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref144
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref144
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref144
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref144
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref145
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref145
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref145
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref145
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref146
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref146
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref146
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref147
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref147
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref147
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref147
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref148
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref148
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref148
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref148
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref148
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref149
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref149
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref149
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref149
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref149
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref150
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref150
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref150
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref150
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref150
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref151
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref151
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref151
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref151
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref152
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref152
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref152
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref152
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref153
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref153
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref153
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref153
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref154
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref154
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref154
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref154
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref155
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref155
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref155
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref155
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref156
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref156
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref156
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref156
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref157
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref157
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref157
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref157
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref157
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref158
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref158
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref158
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref158
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref158
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref159
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref159


Development in Surgery. Insufficiency risk of esophagojejunal anastomosis

after total abdominal gastrectomy for gastric carcinoma. Langenbecks Arch
Surg 2005;390:510e6.

[160] Figueiredo F, Dickson ER, Pasha T, Kasparova P, Therneau T, Malinchoc M,
et al. Impact of nutritional status on outcomes after liver transplantation.

Transplantation 2000;70:1347e52.

[161] Moukarzel AA, Najm I, Vargas J, McDiarmid SV, Busuttil RW, Ament ME.
Effect of nutritional status on outcome of orthotopic liver transplantation in

pediatric patients. Transpl Proc 1990;22:1560e3.
[162] Müller MJ, Lautz HU, Plogmann B, Burger M, Korber J, Schmidt FW. Energy

expenditure and substrate oxidation in patients with cirrhosis: the impact
of cause, clinical staging and nutritional state. Hepatology 1992;15:

782e94.

[163] Pl€ochl W, Pezawas L, Artemiou O, Grimm M, Klepetko W, Hiesmayr M.
Nutritional status, ICU duration and ICU mortality in lung transplant re-

cipients. Intensive Care Med 1996;22:1179e85.
[164] Roggero P, Cataliotti E, Ulla L, Stuflesser S, Nebbia G, Bracaloni D, et al.

Factors influencing malnutrition in children waiting for liver transplants. Am

J Clin Nutr 1997;65:1852e7.
[165] Schwebel C, Pin I, Barnoud D, Devouassoux G, Brichon PY, Chaffanjon P, et al.

Prevalence and consequences of nutritional depletion in lung transplant
candidates. Eur Respir J 2000;16:1050e5.

[166] Selberg O, Bottcher J, Tusch G, Pichlmayr R, Henkel E, Muller MJ. Identifi-

cation of high- and low-risk patients before liver transplantation: a pro-
spective cohort study of nutritional and metabolic parameters in 150

patients. Hepatology 1997;25:652e7.
[167] Shaw Jr BW, Wood RP, Gordon RD, Iwatsuki S, Gillquist WP, Starzl TE. In-

fluence of selected patient variables and operative blood loss on six-month
survival following liver transplantation. Semin Liver Dis 1985;5:385e93.

[168] Stephenson GR, Moretti EW, El-Moalem H, Clavien PA, Tuttle-Newhall JE.

Malnutrition in liver transplant patients: preoperative subjective global
assessment is predictive of outcome after liver transplantation. Trans-

plantation 2001;72:666e70.
[169] Bruning PF, Halling A, Hilgers FJ, Kappner G, Poelhuis EK, Kobashi-

Schoot AM, et al. Postoperative nasogastric tube feeding in patients with

head and neck cancer: a prospective assessment of nutritional status and
well-being. Eur J Cancer Clin Oncol 1988;24:181e8.

[170] Hamaoui E, Lefkowitz R, Olender L, Krasnopolsky-Levine E, Favale M,
Webb H, et al. Enteral nutrition in the early postoperative period: a new

semi-elemental formula versus total parenteral nutrition. J Parenter Enteral
Nutr 1990;14:501e7.

[171] Hammerlid E, Wirblad B, Sandin C, Mercke C, Edstrom S, Kaasa S, et al.

Malnutrition and food intake in relation to quality of life in head and neck
cancer patients. Head Neck 1998;20:540e8.

[172] Hedberg AM, Lairson DR, Aday LA, Chow J, Suki R, Houston S, et al. Economic
implications of an early postoperative enteral feeding protocol. J Am Diet

Assoc 1999;99:802e7.

[173] Kornowski A, Cosnes J, Gendre JP, Quintrec Y. Enteral nutrition in malnu-
trition following gastric resection and cephalic pancreaticoduodenectomy.

Hepatogastroenterology 1992;39:9e13.
[174] Mochizuki H, Togo S, Tanaka K, Endo I, Shimada H. Early enteral nutrition

after hepatectomy to prevent postoperative infection. Hepatogastroenter-
ology 2000;47:1407e10.

[175] Moore FA, Feliciano DV, Andrassy RJ, McArdle AH, Booth FV, Morgenstein-

Wagner TB, et al. Moore EE Early enteral feeding, compared with parenteral,
reduces postoperative septic complications. The results of a meta-analysis.

Ann Surg 1992;216:172e83.
[176] Neumayer LA, Smout RJ, Horn HG, Horn SD. Early and sufficient feeding

reduces length of stay and charges in surgical patients. J Surg Res 2001;95:

73e7.
[177] Shaw-Stiffel TA, Zarny LA, Pleban WE, Rosman DD, Rudolph RA,

Bernstein LH. Effect of nutrition status and other factors on length of hospital
stay after major gastrointestinal surgery. Nutrition 1993;9:140e5.

[178] Velez JP, Lince LF, Restrepo JI. Early enteral nutrition in gastrointestinal
surgery: a pilot study. Nutrition 1997;13:442e5.

[179] Adams S, Dellinger EP, Wertz MJ, Oreskovich MR, Simonowitz D, Johansen K.

Enteral versus parenteral nutritional support following laparotomy for
trauma: a randomized prospective trial. J Trauma 1986;26:882e91.

[180] Baigrie RJ, Devitt PG, Watkin DS. Enteral versus parenteral nutrition after
oesophagogastric surgery: a prospective randomized comparison. Aust N Z J

Surg 1996;66:668e70.

[181] Bastow MD, Rawlings J, Allison SP. Benefits of supplementary tube feeding
after fractured neck of femur: a randomised controlled trial. Br Med J (Clin

Res Ed) 1983;287:1589e92.
[182] Beattie AH, Prach AT, Baxter JP, Pennington CR. A randomised controlled trial

evaluating the use of enteral nutritional supplements postoperatively in

malnourished surgical patients. Gut 2000;46:813e8.
[183] Beier-Holgersen R, Boesby S. Influence of postoperative enteral nutrition on

postsurgical infections. Gut 1996;39:833e5.
[184] Bozzetti F, Braga M, Gianotti L, Gavazzi C, Mariani L. Postoperative enteral

versus parenteral nutrition in malnourished patients with gastrointestinal
cancer: a randomised multicentre trial. Lancet 2001;358:1487e92.

[185] Braga M, Gianotti L, Gentilini O, Parisi V, Salis C, Di Carlo V. Early post-

operative enteral nutrition improves gut oxygenation and reduces costs
compared with total parenteral nutrition. Crit Care Med 2001;29:242e8.

[186] Carr CS, Ling KD, Boulos P, Singer M. Randomised trial of safety and efficacy

of immediate postoperative enteral feeding in patients undergoing gastro-
intestinal resection. BMJ 1996;312:869e71.

[187] Delmi M, Rapin CH, Bengoa JM, Delmas PD, Vasey H, Bonjour JP. Dietary
supplementation in elderly patients with fractured neck of the femur. Lancet

1990;335:1013e6.

[188] Espaulella J, Guyer H, Diaz-Escriu F, Mellado-Navas JA, Castells M,
Pladevall M. Nutritional supplementation of elderly hip fracture patients. A

randomized, double-blind, placebo-controlled trial. Age Ageing 2000;29:
425e31.

[189] Iovinelli G, Marsili I, Varrassi G. Nutrition support after total laryngectomy.
J Parenter Enteral Nutr 1993;17:445e8.

[190] Keele AM, Bray MJ, Emery PW, Duncan HD, Silk DB. Two phase randomised

controlled clinical trial of postoperative oral dietary supplements in surgical
patients. Gut 1997;40:393e9.

[191] Kudsk KA, Croce MA, Fabian TC, Minard G, Tolley EA, Poret HA, et al. Enteral
versus parenteral feeding. Effects on septic morbidity after blunt and

penetrating abdominal trauma. Ann Surg 1992;215:503e11.

[192] MacFie J, Woodcock NP, Palmer MD, Walker A, Townsend S, Mitchell CJ. Oral
dietary supplements in pre- and postoperative surgical patients: a pro-

spective and randomized clinical trial. Nutrition 2000;16:723e8.
[193] Mack LA, Kaklamanos IG, Livingstone AS, Levi JU, Robinson C, Sleeman D,

et al. Gastric decompression and enteral feeding through a double-lumen

gastrojejunostomy tube improves outcomes after pan-
creaticoduodenectomy. Ann Surg 2004;240:845e51.

[194] Malhotra A, Mathur AK, Gupta S. Early enteral nutrition after surgical
treatment of gut perforations: a prospective randomised study. J Postgrad

Med 2004;50:102e6.
[195] Moore FA, Moore EE, Kudsk KA, Brown RO, Bower RH, Koruda MJ, et al.

Clinical benefits of an immune-enhancing diet for early postinjury enteral

feeding. J Trauma 1994;37:607e15.
[196] Muggia-Sullam M, Bower RH, Murphy RF, Joffe SN, Fischer JE. Postoperative

enteral versus parenteral nutritional support in gastrointestinal surgery. A
matched prospective study. Am J Surg 1985;149:106e12.

[197] Pacelli F, Bossola M, Papa V, Malerba M, Modesti C, Sgadari A, et al., EN-TPN

Study Group. Enteral vs parenteral nutrition after major abdominal surgery:
an even match. Arch Surg 2001;136:933e6.

[198] Ryan Jr JA, Page CP, Babcock L. Early postoperative jejunal feeding of
elemental diet in gastrointestinal surgery. Am Surg 1981;47:393e403.

[199] Sagar S, Harland P, Shields R. Early postoperative feeding with elemental
diet. Br Med J 1979;1:293e5.

[200] Sand J, Luostarinen M, Matikainen M. Enteral or parenteral feeding after total

gastrectomy: prospective randomised pilot study. Eur J Surg 1997;163:
761e6.

[201] Schroeder D, Gillanders L, Mahr K, Hill GL. Effects of immediate post-
operative enteral nutrition on body composition, muscle function, and

wound healing. J Parenter Enteral Nutr 1991;15:376e83.

[202] Shirabe K, Matsumata T, Shimada M, Takenaka K, Kawahara N, Yamamoto K,
et al. A comparison of parenteral hyperalimentation and early enteral

feeding regarding systemic immunity after major hepatic resectionethe
results of a randomized prospective study. Hepatogastroenterology 1997;44:

205e9.
[203] Shukla HS, Rao RR, Banu N, Gupta RM, Yadav RC. Enteral hyperalimen-

tation in malnourished surgical patients. Indian J Med Res 1984;80:

339e46.
[204] Singh G, Ram RP, Khanna SK. Early postoperative enteral feeding in patients

with nontraumatic intestinal perforation and peritonitis. J Am Coll Surg
1998;187:142e6.

[205] Smedley F, Bowling T, James M, Stokes E, Goodger C, O'Connor O, et al.

Randomized clinical trial of the effects of preoperative and postoperative
oral nutritional supplements on clinical course and cost of care. Br J Surg

2004;91:983e90.
[206] Smith RC, Hartemink RJ, Hollinshead JW, Gillett DJ. Fine bore jejunostomy

feeding following major abdominal surgery: a controlled randomized clinical
trial. Br J Surg 1985;72:458e61.

[207] Sullivan DH, Nelson CL, Bopp MM, Puskarich-May CL, Walls RC. Nightly

enteral nutrition support of elderly hip fracture patients: a phase I trial. J Am
Coll Nutr 1998;17:155e61.

[208] Meyenfeldt von MF, Meijerink WJ, Rouflart MM, Builmaassen MT, Soeters PB.
Perioperative nutritional support: a randomised clinical trial. Clin Nutr

1992;11:180e6.

[209] Watters JM, Kirkpatrick SM, Norris SB, Shamji FM, Wells GA. Immediate
postoperative enteral feeding results in impaired respiratory mechanics and

decreased mobility. Ann Surg 1997;226:369e77.
[210] Bower RH, Talamini MA, Sax HC, Hamilton F, Fischer JE. Postoperative enteral

vs parenteral nutrition. A randomized controlled trial. Arch Surg 1986;121:

1040e5.
[211] Reynolds JV, Kanwar S, Welsh FK, Windsor AC, Murchan P, Barclay GR,

et al. 1997 Harry M. Vars Research Award. Does the route of feeding
modify gut barrier function and clinical outcome in patients after major

upper gastrointestinal surgery? J Parenter Enteral Nutr 1997;21:
196e201.

[212] Sullivan DH, Nelson CL, Klimberg VS, Bopp MM. Nightly enteral nutrition

support of elderly hip fracture patients: a pilot study. J Am Coll Nutr
2004;23:683e91.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 645

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref159
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref159
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref159
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref159
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref160
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref160
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref160
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref160
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref161
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref161
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref161
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref161
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref162
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref162
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref162
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref162
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref162
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref163
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref163
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref163
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref163
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref163
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref164
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref164
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref164
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref164
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref165
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref165
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref165
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref165
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref166
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref166
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref166
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref166
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref166
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref167
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref167
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref167
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref167
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref168
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref168
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref168
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref168
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref168
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref169
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref169
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref169
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref169
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref169
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref170
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref170
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref170
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref170
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref170
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref171
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref171
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref171
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref171
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref172
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref172
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref172
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref172
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref173
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref173
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref173
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref173
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref174
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref174
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref174
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref174
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref175
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref175
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref175
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref175
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref175
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref176
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref176
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref176
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref176
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref177
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref177
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref177
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref177
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref178
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref178
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref178
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref179
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref179
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref179
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref179
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref180
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref180
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref180
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref180
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref181
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref181
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref181
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref181
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref182
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref182
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref182
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref182
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref183
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref183
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref183
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref184
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref184
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref184
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref184
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref185
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref185
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref185
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref185
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref186
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref186
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref186
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref186
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref187
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref187
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref187
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref187
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref188
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref188
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref188
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref188
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref188
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref189
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref189
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref189
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref190
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref190
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref190
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref190
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref191
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref191
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref191
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref191
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref192
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref192
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref192
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref192
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref193
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref193
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref193
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref193
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref193
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref194
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref194
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref194
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref194
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref195
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref195
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref195
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref195
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref196
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref196
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref196
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref196
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref197
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref197
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref197
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref197
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref198
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref198
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref198
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref199
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref199
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref199
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref200
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref200
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref200
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref200
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref201
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref201
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref201
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref201
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref202
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref202
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref202
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref202
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref202
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref202
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref202
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref203
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref203
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref203
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref203
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref204
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref204
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref204
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref204
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref205
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref205
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref205
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref205
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref205
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref206
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref206
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref206
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref206
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref207
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref207
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref207
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref207
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref208
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref208
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref208
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref208
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref209
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref209
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref209
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref209
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref210
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref210
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref210
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref210
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref211
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref211
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref211
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref211
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref211
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref211
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref212
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref212
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref212
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref212


[213] Martignoni ME, Friess H, Sell F, Ricken L, Shrikhande S, Kulli C, et al. Enteral

nutrition prolongs delayed gastric emptying in patients after Whipple
resection. Am J Surg 2000;180:18e23.

[214] Dunham CM, Frankenfield D, Belzberg H, Wiles C, Cushing B, Grant Z. Gut
failureepredictor of or contributor to mortality in mechanically ventilated

blunt trauma patients? J Trauma 1994;37:30e4.

[215] Beier-Holgersen R, Brandstrup B. Influence of early postoperative enteral
nutrition versus placebo on cell-mediated immunity, as measured with the

Multitest CMI. Scand J Gastroenterol 1999;34:98e102.
[216] Brooks AD, Hochwald SN, Heslin MJ, Harrison LE, Burt M, Brennan MF. Intes-

tinal permeability after early postoperative enteral nutrition in patients with
upper gastrointestinal malignancy. J Parenter Enteral Nutr 1989;23:75e9.

[217] Fletcher JP, Little JM. A comparison of parenteral nutrition and early post-

operative enteral feeding on the nitrogen balance after major surgery. Sur-
gery 1986;100:21e4.

[218] Hochwald SN, Harrison LE, Heslin MJ, Burt ME, Brennan MF. Early post-
operative enteral feeding improves whole body protein kinetics in upper

gastrointestinal cancer patients. Am J Surg 1997;174:325e30.

[219] Hu QG, Zheng QC. The influence of enteral nutrition in postoperative patients
with poor liver function. World J Gastroenterol 2003;9:843e6.

[220] Hwang TL, Huang SL, Chen MF. Early nasoduodenal feeding for the post-
biliary surgical patient. J Formos Med Assoc 1991;90:993e7.

[221] Lim ST, Choa RG, Lam KH, Wong J, Ong GB. Total parenteral nutrition versus

gastrostomy in the preoperative preparation of patients with carcinoma of
the oesophagus. Br J Surg 1981;68:69e72.

[222] Magnusson J, Tranberg KG, Jeppsson B, Lunderquist A. Enteral versus paren-
teral glucose as the sole nutritional support after colorectal resection. A pro-

spective, randomized comparison. Scand J Gastroenterol 1989;24:539e49.
[223] McArdle AH, Reid EC, Laplante MP, Freeman CR. Prophylaxis against radia-

tion injury. The use of elemental diet prior to and during radiotherapy for

invasive bladder cancer and in early postoperative feeding following radical
cystectomy and ileal conduit. Arch Surg 1986;121:879e85.

[224] Nissila MS, Perttila JT, Salo MS, Havia TV. Natural killer cell activity after
immediate postoperative enteral and parenteral nutrition. Acta Chir Scand

1989;155:229e32.

[225] Suchner U, Senftleben U, Eckart T, Scholz MR, Beck K, Murr R, et al. Enteral
versus parenteral nutrition: effects on gastrointestinal function and meta-

bolism. Nutrition 1996;12:13e22.
[226] McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR,

Braunschweig C, , et alA.S.P.E.N. Board of Directors, American College of
Critical Care Medicine, Society of Critical Care Medicine. Guidelines for the

provision and assessment of nutrition support therapy in the adult critically

ill patient: society of critical care medicine (SCCM) and American society for
parenteral and enteral nutrition (A.S.P.E.N.). J Parenter Enteral Nutr 2016;40:

159e211.
[227] Brennan MF, Pisters PW, Posner M, Quesada O, Shike M. A prospective

randomized trial of total parenteral nutrition after major pancreatic resec-

tion for malignancy. Ann Surg 1994;220:436e41.
[228] Fan ST, Lo CM, Lai EC, Chu KM, Liu CL, Wong J. Perioperative nutritional

support in patients undergoing hepatectomy for hepatocellular carcinoma.
N Engl J Med 1994;331:1547e52.

[229] Hu SS, Fontaine F, Kelly B, Bradford DS. Nutritional depletion in staged spinal
reconstructive surgery. The effect of total parenteral nutrition. Spine (Phila

Pa 1976) 1998;23:1401e5.

[230] Jauch KW, Kroner G, Hermann A, Inthorn D, Hartl W. Gunther B Post-
operative infusion therapy: electrolyte solution in comparison with hypo-

caloric glucose and carbohydrate exchange-amino acid solutions. Zentralbl
Chir 1995;120:682e8.

[231] Reilly J, Mehta R, Teperman L, Cemaj S, Tzakis A, Yanaga K, et al. Nutritional

support after liver transplantation: a randomized prospective study.
J Parenter Enteral Nutr 1990;14:386e91.

[232] Wicks C, Somasundaram S, Bjarnason I, Menzies IS, Routley D, Potter D, et al.
Comparison of enteral feeding and total parenteral nutrition after liver

transplantation. Lancet 1994;344:837e40.
[233] Veteran Affairs. Perioperative total parenteral nutrition in surgical patients.

The Veterans Affairs Total Parenteral Nutrition Cooperative Study Group.

N Engl J Med 1991;325:525e32.
[234] Heyland DK, Montalvo M, MacDonald S, Keefe L, Su XY, Drover JW. Total

parenteral nutrition in the surgical patient: a meta-analysis. Can J Surg
2001;44:102e11.

[235] Braunschweig CL, Levy P, Sheean PM, Wang X. Enteral compared with

parenteral nutrition: a meta-analysis. Am J Clin Nutr 2001;74:534e42.
[236] Peter JV, Moran JL, Phillips-Hughes J. A metaanalysis of treatment outcomes

of early enteral versus early parenteral nutrition in hospitalized patients. Crit
Care Med 2005;33:213e20.

[237] Zhao XF, Wu N, Zhao GQ, Liu JF, Dai YF. Enteral nutrition versus parenteral

nutrition after major abdominal surgery in patients with gastrointestinal
cancer: a systematic review and meta-analysis. J Investig Med 2016;64:

1061e74.
[238] Harvey SE, Parrott F, Harrison DA, Bear DE, Segaran E, Beale R, , et alCalories

Trail Investigators. Trial of the route of early nutritional support in critically
adults. N Engl J Med 2014;371:1673e84.

[239] Short V, Herbert G, Perry R, Atkinson C, Ness AR, Penfold C, et al. Chewing

gum for postoperative recovery of gastrointestinal function. Cochrane
Database Syst Rev 2015;20. CD006506.

[240] Atkinson C, Penfold CM, Ness AR, Longman RJ, Thomas SJ, Hollingworth W,

et al. Randomized clinical trial of postoperative chewing gum versus stan-
dard care after colorectal resection. Br J Surg 2016;103:962e70.

[241] Woodcock NP, Zeigler D, Palmer MD, Buckley P, Mitchell CJ, MacFie J. Enteral
versus parenteral nutrition: a pragmatic study. Nutrition 2001;17:1e12.

[242] Lidder P, Flanagan D, Fleming S, Russell M, Morgan N, Wheatley T, et al.

Combining enteral with parenteral nutrition to improve postoperative
glucose control. Br J Nutr 2010;103:1635e41.

[243] Probst P, Keller D, Steimer J, Gmür E, Haller A, Imoberdorf R, et al. Early
combined parenteral and enteral nutrition for pancreaticoduodenectomy -

retrospective cohort analysis. Ann Med Surg 2016;6:68e73.
[244] 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. J Parenter Enteral Nutr 2003;27:355e73.

[245] Dhaliwal R, Jurewitsch B, Harrietha D, Heyland DK. Combination enteral and
parenteral nutrition in critically ill patients: harmful or beneficial? A sys-

tematic review of the evidence. Intensive Care Med 2004;30:1666e71.

[246] Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M, Meyfroidt G, et al.
Early versus late parenteral nutrition in critically ill adults. N Engl J Med

2011;365:506e17.
[247] Heidegger CP, Berger MM, Graf S, Zingg W, Darmon P, Costanza MC, et al.

Optimisation of energy provision with supplemental parenteral nutrition in

critically ill patients: a randomised controlled clinical trial. Lancet 2013;381:
385e93.

[248] Weimann A, Singer P. Avoiding underfeeding in severely ill patients. Lancet
2013;381(9880):1811.

[249] McCowen KC, Friel C, Sternberg J, Chan S, Forse RA, Burke PA, et al. Hypo-
caloric total parenteral nutrition: effectiveness in prevention of hypergly-

cemia and infectious complications e a randomized clinical trial. Crit Care

Med 2000;28:3606e11.
[250] Huang D, Sun Z, Huang J, Shen Z. Early enteral nutrition in combination with

parenteral nutrition in elderly patients after surgery due to gastrointestinal
cancer. Int J Clin Exp Med 2015;8:13937e45.

[251] Pichard C, Schwarz G, Frei A, Kyle U, Jolliet P, Morel P, et al. Economic

investigation of the use of three-compartment total parenteral nutrition bag:
prospective randomized unblinded controlled study. Clin Nutr 2000;19:

245e51.
[252] 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. J Parenter Enteral Nutr 2008;32:606e12.

[253] Turpin RS, Canada T, Rosenthal V, Nitzki-George D, Liu FX, Mercaldi CJ, et al.,

IMPROVE Study Group. Bloodstream infections associated with parenteral
nutrition preparation methods in the United States: a retrospective, large

database analysis. J Parenter Enteral Nutr 2012;36:169e76.
[254] Barr J, Hecht M, Flavin KE, Khorana A, Gould MK. Outcomes in critically ill

patients before and after the implementation of an evidence-based nutri-

tional management protocol. Chest 2004;125:1446e57.
[255] Doig GS, Simpson F, Finfer S, Delaney A, Davies AR, Mitchell I, et al., Nutrition

Guidelines Investigators of the ANZICS Clinical Trials Group. Effect of
evidence-based feeding guidelines on mortality of critically ill adults: a

cluster randomized controlled trial. JAMA 2008;300:2731e41.
[256] Jian ZM, Cao JD, Zhu XG, Zhao WX, Yu JC, Ma EL, et al. The impact of alanyl-

glutamine on clinical safety, nitrogen balance, intestinal permeability, and

clinical outcome in postoperative patients: a randomized, double-blind,
controlled study of 120 patients. J Parenter Enteral Nutr 1999;23:S62e6.

[257] Ziegler TR, May AK, Hebbar G, Easley KA, Griffith DP, Dave N, et al. Efficacy
and safety of glutamine-supplemented parenteral nutrition in surgical ICU

patients: an American multicenter randomized controlled trial. Ann Surg

2016;263:646e55.
[258] Jacobi CA, Ordemann J, Zuckermann H, Docke W, Volk HD, Muller JM. The

influence of alanyl-glutamine on immunologic functions and morbidity in
postoperative total parenteral nutrition. Preliminary results of a prospective

randomized trial. Zentralbl Chir 1999;24:199e205.
[259] Mertes N, Schulzki C, Goeters C, Winde G, Benzing S, Kuhn KS, et al. Cost

containment through L-alanyl-L-glutamine supplemented total parenteral

nutrition after major abdominal surgery: a prospective randomized double-
blind controlled study. Clin Nutr 2000;19:395e401.

[260] Morlion BJ, Stehle P, Wachtler P, Siedhoff HP, Koller M, Konig W, et al. Total
parenteral nutrition with glutamine dipeptide after major abdominal sur-

gery: a randomized, double-blind, controlled study. Ann Surg 1998;227:

302e8.
[261] Neri A, Mariani F, Piccolomini A, Testa M, Vuolo G, Di Cosmo L. Glutamine-

supplemented total parenteral nutrition in major abdominal surgery.
Nutrition 2001;17:968e9.

[262] Powell-Tuck J. Total parenteral nutrition with glutamine dipeptide short-

ened hospital stays and improved immune status and nitrogen economy
after major abdominal surgery. Gut 1999;44:155.

[263] Fuentes-Orozco C, Anaya-Prado R, Gonzalez-Ojeda A, Arenas-Marquez H,
Cabrera-Pivaral C, Cervantes-Guevara G, et al. L-alanyl-L-glutamine-supple-

mented parenteral nutrition improves infectious morbidity in secondary
peritonitis. Clin Nutr 2004;23:13e21.

[264] Novak F, Heyland DK, Avenell A, Drover JW, Su X. Glutamine supplemen-

tation in serious illness: a systematic review of the evidence. Crit Care Med
2002;130:2022e9.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650646

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref213
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref213
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref213
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref213
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref214
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref214
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref214
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref214
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref214
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref215
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref215
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref215
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref215
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref216
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref216
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref216
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref216
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref217
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref217
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref217
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref217
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref218
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref218
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref218
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref218
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref219
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref219
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref219
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref220
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref220
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref220
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref221
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref221
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref221
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref221
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref222
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref222
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref222
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref222
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref223
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref223
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref223
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref223
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref223
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref224
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref224
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref224
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref224
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref225
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref225
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref225
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref225
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref226
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref227
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref227
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref227
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref227
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref228
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref228
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref228
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref228
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref229
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref229
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref229
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref229
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref230
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref230
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref230
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref230
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref230
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref231
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref231
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref231
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref231
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref232
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref232
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref232
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref232
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref233
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref233
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref233
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref233
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref234
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref234
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref234
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref234
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref235
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref235
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref235
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref236
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref236
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref236
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref236
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref237
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref237
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref237
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref237
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref237
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref238
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref238
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref238
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref238
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref239
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref239
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref239
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref240
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref240
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref240
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref240
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref241
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref241
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref241
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref242
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref242
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref242
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref242
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref243
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref243
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref243
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref243
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref244
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref244
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref244
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref244
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref244
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref245
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref245
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref245
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref245
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref246
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref246
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref246
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref246
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref247
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref247
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref247
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref247
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref247
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref248
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref248
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref249
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref249
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref249
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref249
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref249
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref249
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref250
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref250
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref250
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref250
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref251
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref251
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref251
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref251
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref251
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref252
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref252
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref252
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref252
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref253
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref253
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref253
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref253
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref253
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref254
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref254
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref254
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref254
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref255
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref255
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref255
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref255
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref255
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref256
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref256
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref256
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref256
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref256
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref257
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref257
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref257
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref257
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref257
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref258
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref258
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref258
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref258
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref258
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref259
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref259
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref259
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref259
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref259
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref260
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref260
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref260
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref260
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref260
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref261
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref261
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref261
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref261
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref262
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref262
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref262
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref263
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref263
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref263
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref263
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref263
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref264
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref264
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref264
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref264


[265] Jiang ZM, Jiang H, Fürst P. The impact of glutamine dipeptides on outcome of

surgical patients: systematic review of randomized controlled trials from
Europe and Asia. Clin Nutr Suppl 2004;1:17e23.

[266] Exner R, Tamandl D, Goetzinger P, Mittlboeck M, Fuegger R, Sautner T, et al.
Perioperative GLY-GLN infusion diminishes the surgery-induced period of

immunosuppression: accelerated restoration of the lipopolysaccharide-

stimulated tumor necrosis factor-alpha response. Ann Surg 2003;237:
110e5.

[267] Jiang-Xiang S, Xiao-Huang T, Lie W, Chen-Jing L. Glutamine dipeptide-
supplemented parental nutrition in patients with colorectal cancer. Clin

Nutr Suppl 2004;1:49e53.
[268] Lin MT, Kung SP, Yeh SL, Liaw KY, Wang MY, Kuo ML, et al. Glutamine-

supplemented total parenteral nutrition attenuates plasma interleukin-6 in

surgical patients with lower disease severity. World J Gastroenterol 2005;11:
6197e201.

[269] Yao GX, Xue XB, Jiang ZM, Yang NF, Wilmore DW. Effects of perioperative
parenteral glutamine-dipeptide supplementation on plasma endotoxin level,

plasma endotoxin inactivation capacity and clinical outcome. Clin Nutr

2005;24:510e5.
[270] Gianotti L, Braga M, Biffi R, Bozzetti F, Mariani L, GlutamItaly Research Group

of the Italian Society of Parenteral, and Enteral Nutrition. Perioperative
intravenous glutamine supplementation in major abdominal surgery for

cancer: a randomized multicenter trial. Ann Surg 2009;250:684e90.

[271] Heyland D, Muscedere J, Wischmeyer PE, Cook D, Jones G, Albert M, et al.,
Canadian Critical Care Trials Group. A randomized trial of glutamine and

antioxidants in critically ill patients. N Engl J Med 2013;368:1489e97.
[272] Cui Y, Hu L, Liu Y, Wu Y, Jing L. Intravenous alanyl-L-glutamine balances

glucose-insulin homeostasis and facilitates recovery ion patients undergoing
colonic resection - a randomised trial. Eur J Anaestesiol 2014;31:212e8.

[273] Wang Y, Jiang ZM, Nolan MT, Jiang H, Han HR, Yu K, et al. The impact of

glutamine dipeptide-supplemented parenteral nutrition on outcomes of
surgical patients: a meta-analysis of randomized clinical trials. J Parenter

Enteral Nutr 2010;34:521e9.
[274] Bollhalder L, Pfeil AM, Tomonaga Y, Schwenkglenks M. A systematic litera-

ture review and meta-analysis of randomized clinical trials of parenteral

glutamine supplementation. Clin Nutr 2013;32:213e23.
[275] Kang K, Shu XL, Zhang YS, Liu XL, Zhao J. Effect of glutamine enriched

nutrition support on surgical patients wit gastrointestinal tumor : a meta-
analysis of randomized controlled trials. Chin Med J 2015;128:245e51.

[276] Sandini M, Nespoli L, Oldani M, Bernasconi DP, Gianotti L. Effect of glutamine
dipeptide supplementation on primary outcomes for elective major surgery:

systematic review and meta-analysis. Nutrients 2015;7:481e99.

[277] Vidal-Casariego A, Calleja-Fernandez A, Villar-Taibo R, Kyriakos G, Balles-
teros-Pomar MD. Efficacy of arginine-enriched enteral formulas in the

reduction of surgical complications in head and neck cancer: a systematic
review and meta-analysis. Clin Nutr 2014;33:951e7.

[278] Buijs N, van Bokhorst-de van der Schueren MA, Langius JA, Leemans CR,

Kuik DJ, Vermeulen MA, et al. Perioperative arginine-supplemented nutri-
tion in malnourished patients with head and neck cancer improves long-

term survival. Am J Clin Nutr 2010;92:1151e6.
[279] Chen B, Zhou Y, Yang P, Wan HW, Wu XT. Safety and efficacy of fish oil-

enriched parenteral nutrition regimen on postoperative patients undergo-
ing major abdominal surgery: a meta-analysis of randomized controlled

trials. J Parenter Enteral Nutr 2010;34:387e94.

[280] 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.
[281] Li NN, Zhou Y, Quin XP, Chen Y, He D, Feng JY, et al. Does intravenous fish oil

benefit patients post-surgery? A meta-analysis of randomised controlled

trials. Clin Nutr 2014;33:226e9.
[282] Tian H, Yao X, Zeng R, Sun R, Tian H, Shi C, et al. Safety and efficacy of a

new parenteral lipid emulsion (SMOF) for surgical patients: a systematic
review and metaanalysis of randomized controlled trials. Nutr Rev

2013;71:815e21.
[283] de Miranda Torrinhas RS, Santana R, Garcia T, Cury-Boaventura MF,

Sales MM, Curi R, et al. Parenteral fish oil as a pharmacological agent to

modulate post-operative immune response: a randomized, double-blind,
and controlled clinical trial in patients with gastrointestinal cancer. Clin

Nutr 2013;32:503e10.
[284] Bower RH, Cerra FB, Bershadsky B, Licari JJ, Hoyt DB, Jensen GL, et al. Early

enteral administration of a formula (Impact) supplemented with arginine,

nucleotides, and fish oil in intensive care unit patients: results of a multi-
center, prospective, randomized, clinical trial. Crit Care Med 1995;23:

436e49.
[285] Brown RO, Hunt H, Mowatt-Larssen CA, Wojtysiak SL, Henningfield MF,

Kudsk KA. Comparison of specialized and standard enteral formulas in

trauma patients. Pharmacotherapy 1994;14:314e20.
[286] Daly JM, Lieberman MD, Goldfine J, Shou J, Weintraub F, Rosato EF, et al.

Enteral nutrition with supplemental arginine, RNA, and omega-3 fatty acids
in patients after operation: immunologic, metabolic, and clinical outcome.

Surgery 1992;112:56e67.
[287] Gianotti L, Braga M, Vignali A, Balzano G, Zerbi A, Bisagni P, et al. Effect of

route of delivery and formulation of postoperative nutritional support in

patients undergoing major operations for malignant neoplasms. Arch Surg
1997;132:1222e9.

[288] Heslin MJ, Latkany L, Leung D, Brooks AD, Hochwald SN, Pisters PW, et al.

A prospective, randomized trial of early enteral feeding after resection of
upper gastrointestinal malignancy. Ann Surg 1997;226:567e77.

[289] Klek S, Kulig J, Sierzega M, Szczepanek K, Szybinski P, Scislo L, et al. Standard
and immunomodulating enteral nutrition in patients after extended

gastrointestinal surgeryea prospective, randomized, controlled clinical trial.

Clin Nutr 2008;27:504e12.
[290] Kudsk KA, Minard G, Croce MA, Brown RO, Lowrey TS, Pritchard FE, et al.

A randomized trial of isonitrogenous enteral diets after severe trauma. An
immune-enhancing diet reduces septic complications. Ann Surg 1996;224:

531e40.
[291] Mendez C, Jurkovich GJ, Garcia I, Davis D, Parker A, Maier RV. Effects of an

immune-enhancing diet in critically injured patients. J Trauma 1997;42:

933e40.
[292] Senkal M, Mumme A, Eickhoff U, Geier B, Spath G, Wulfert D, et al. Early

postoperative enteral immunonutrition: clinical outcome and cost-
comparison analysis in surgical patients. Crit Care Med 1997;25:1489e96.

[293] Snyderman CH, Kachman K, Molseed L, Wagner R, D'Amico F, Bumpous J,

et al. Reduced postoperative infections with an immune-enhancing nutri-
tional supplement. Laryngoscope 1999;109:915e21.

[294] Weimann A, Bastian L, Bischoff WE, Grotz M, Hansel M, Lotz J, et al. Influence
of arginine, omega-3 fatty acids and nucleotide-supplemented enteral sup-

port on systemic inflammatory response syndrome and multiple organ

failure in patients after severe trauma. Nutrition 1998;14:165e72.
[295] Beale RJ, Bryg DJ, Bihari DJ. Immunonutrition in the critically ill: a systematic

review of clinical outcome. Crit Care Med 1999;27:2799e805.
[296] Cerantola Y, Hubner M, Grass F, Demartines N, Schafer M. Immunonutrition

in gastrointestinal surgery. Br J Surg 2011;98:37e48.
[297] Drover JW, Dhaliwal R, Weitzel L, Wischmeyer PE, Ochoa JB, Heyland DK.

Perioperative use of arginine-supplemented diets: a systematic review of the

evidence. J Am Coll Surg 2011;212:385e99. 399.e1.
[298] Heyland DK, Novak F, Drover JW, Jain M, Su X, Suchner U. Should immu-

nonutrition become routine in critically ill patients? A systematic review of
the evidence. JAMA 2001;286.

[299] Heys SD, Walker LG, Smith I, Eremin O. Enteral nutritional supplementation

with key nutrients in patients with critical illness and cancer: a meta-
analysis of randomized controlled clinical trials. Ann Surg 1999;229:467e77.

[300] Waitzberg DL, Saito H, Plank LD, Jamison GG, Jagannath P, Hwang TL, et al.
Postsurgical infections are reduced with specialized nutritional support.

World J Surg 2006;30:1592e604.
[301] Marik PE, Zaloga GP. Immunonutrition in high-risk surgical patients: a sys-

tematic review and analysis of the literature. J Parenter Enteral Nutr

2010;34:378e86.
[302] Marimuthu K, Varadhan KK, Ljungqvist O, Lobo DN. A meta-analysis of the

effect of combinations of immune modulating nutrients on outcome in pa-
tients undergoing major open gastrointestinal surgery. Ann Surg 2012;255:

1060e8.

[303] Montejo JC, Zarazaga A, Lopez-Martinez J, Urrutia G, Roque M, Blesa AL, ,
et alSpanish Society of Intensive Care Medicine and Coronary Units. Immu-

nonutrition in the intensive care unit. A systematic review and consensus
statement. Clin Nutr 2003;22:221e33.

[304] Stableforth WD, 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;38:103e10.

[305] Wilhelm SM, Kale-Pradhan PB. Combination of arginine and omega-3 fatty
acids enteral nutrition in critically ill and surgical patients: a meta-analysis.

Expert Rev Clin Pharmacol 2010;3:459e69.
[306] Zhang Y, Gu Y, Guo T, Li Y, Ca H. Perioperative immunonutrition for

gastrointestinal cancer: a systematic review of randomized controlled trials.

Surg Oncol 2012;21:e87e95.
[307] Osland E, Hossain MB, Khan S, Memon MA. effect of timing of pharmaco-

nutrition (immunonutrition) administration on outcomes of elective surgery
for gastrointestinal malignancies: a systematic review and meta-analysis.

J Parenter Enteral Nutr 2014;38:53e69.
[308] Song GM, Tian X, Zhang L, Ou YX, Yi LJ, Shuai T, et al. Immunonutrition

support for patients undergoing surgery for gastrointestinal malignancy:

preoperative, postoperative, or perioperative? A Bayesian Network meta-
analysis of randomized controlled trials. Medicine (Baltimore) 2015;94:

e1225.
[309] Wong CS, Aly EH. The effects of enteral immunonutrition in upper gastro-

intestinal surgery: a systematic review and meta-analysis. Int J Surg

2016;29:137e50.
[310] Tepaske R, te Velthuis H, Oudemans-van Straaten HM, Bossuyt PM,

Schultz MJ, Eijsman L, et al. Glycine does not add to the beneficial effects of
perioperative oral immune-enhancing nutrition supplements in high-risk

cardiac surgery patients. J Parenter Enteral Nutr 2007;31:173e80.

[311] August DA, Huhmann MB, American Society for Parenteral and Enteral
Nutrition (A.S.P.E.N.) Board of Directors. A.S.P.E.N. clinical guidelines: nutri-

tion support therapy during adult anticancer treatment and in hematopoi-
etic cell transplantation. J Parenter Enteral Nutr 2009;33:472e500.

[312] Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Fearon K, et al.
ESPEN guidelines on nutrition in cancer patients. Clin Nutr 2017;36:11e48.

[313] Braga M, Gianotti L, Radaelli G, Vignali A, Mari G, Gentilini O, et al. Periop-

erative immunonutrition in patients undergoing cancer surgery: results of a
randomized double-blind phase 3 trial. Arch Surg 1999;134:428e33.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 647

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref265
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref265
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref265
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref265
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref266
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref266
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref266
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref266
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref266
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref266
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref267
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref267
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref267
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref267
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref268
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref268
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref268
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref268
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref268
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref269
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref269
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref269
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref269
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref269
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref270
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref270
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref270
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref270
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref270
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref271
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref271
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref271
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref271
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref272
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref272
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref272
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref272
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref273
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref273
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref273
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref273
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref273
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref274
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref274
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref274
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref274
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref275
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref275
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref275
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref275
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref276
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref276
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref276
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref276
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref277
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref277
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref277
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref277
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref277
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref278
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref278
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref278
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref278
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref278
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref279
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref279
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref279
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref279
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref279
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref280
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref280
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref280
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref281
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref281
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref281
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref281
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref282
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref282
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref282
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref282
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref282
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref283
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref283
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref283
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref283
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref283
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref283
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref284
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref284
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref284
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref284
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref284
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref284
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref285
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref285
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref285
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref285
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref286
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref286
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref286
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref286
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref286
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref287
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref287
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref287
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref287
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref287
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref288
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref288
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref288
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref288
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref289
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref289
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref289
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref289
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref289
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref289
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref290
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref290
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref290
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref290
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref290
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref291
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref291
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref291
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref291
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref292
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref292
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref292
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref292
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref293
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref293
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref293
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref293
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref294
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref294
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref294
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref294
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref294
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref295
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref295
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref295
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref296
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref296
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref296
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref297
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref297
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref297
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref297
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref298
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref298
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref298
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref299
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref299
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref299
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref299
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref300
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref300
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref300
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref300
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref301
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref301
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref301
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref301
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref302
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref302
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref302
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref302
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref302
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref303
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref303
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref303
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref303
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref303
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref304
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref304
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref304
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref304
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref305
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref305
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref305
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref305
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref306
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref306
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref306
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref306
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref307
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref307
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref307
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref307
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref307
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref308
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref308
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref308
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref308
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref308
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref309
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref309
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref309
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref309
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref310
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref310
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref310
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref310
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref310
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref311
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref311
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref311
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref311
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref311
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref312
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref312
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref312
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref313
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref313
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref313
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref313


[314] Braga M, Gianotti L, Vignali A, Carlo VD. Preoperative oral arginine and n-3

fatty acid supplementation improves the immunometabolic host response
and outcome after colorectal resection for cancer. Surgery 2002;132:805e14.

[315] Senkal M, Zumtobel V, Bauer KH, Marpe B, Wolfram G, Frei A, et al. Outcome
and cost-effectiveness of perioperative enteral immunonutrition in patients

undergoing elective upper gastrointestinal tract surgery: a prospective

randomized study. Arch Surg 1999;134:1309e16.
[316] Tepaske R, Velthuis H, Oudemans-van Straaten HM, Heisterkamp SH, van

Deventer SJ, Ince C, et al. Effect of preoperative oral immune-enhancing
nutritional supplement on patients at high risk of infection after car-

diac surgery: a randomised placebo-controlled trial. Lancet 2001;358:
696e701.

[317] Braga M, Gianotti L, Nespoli L, Radaelli G, Di Carlo V. Nutritional approach in

malnourished surgical patients: a prospective randomized study. Arch Surg
2002;137:174e80.

[318] Klek S, Szybinski P, Szczepanek K. Perioperative immunonutrition in surgical
cancer patients; a summary of a decade of research. World J Surg 2014;38:

803e12.

[319] Gianotti L, Braga M, Nespoli L, Radaelli G, Beneduce A, Di Carlo V.
A randomized controlled trial of preoperative oral supplementation with a

specialized diet in patients with gastrointestinal cancer. Gastroenterology
2002;122:1763e70.

[320] Hübner M, Cerantola Y, Grass F, Bertrand PC, Schafer M, Demartines N.

Preoperative immunonutrition in patients at nutritional risk: results of a
double-blinded randomized clinical trial. Eur J Clin Nutr 2012;66:850e5.

[321] Giger-Pabst U, Lange J, Maurer C, Bucher C, Schreiber V, Schlumpf R, et al.
Short-term preoperative supplementation of an immunoenriched diet does

not improve clinical outcome in well-nourished patients undergoing
abdominal cancer surgery. Nutrition 2013;29:724e9.

[322] 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;219:1078e87.

[323] Gade J, Levring T, Hillingso J, Hansen CP, Andersen JR. The effect of preop-
erative oral immunonutrition on complications and length of hospital stay

after elective surgery for pancreatic cancer - a randomized trial. Nutr Cancer

2016;68:225e33.
[324] Farreras N, Artigas V, Cardona D, Rius X, Trias M, Gonzalez JA. Effect of early

postoperative enteral immunonutrition on wound healing in patients un-
dergoing surgery for gastric cancer. Clin Nutr 2005;24:55e65.

[325] Fujitani K, Tsujinaka T, Fujita J, Miyashiro I, Imamura H, Kimura Y, et al.,
Osaka Gastrointestinal Cancer Chemotherapy Study Group. Prospective

randomized trial of preoperative enteral immunonutrition followed by

elective total gastrectomy for gastric cancer. Br J Surg 2012;99:621e9.
[326] Sultan J, Griffin SM, Di Franco F, Kirby JA, Shenton BK, Seal CJ, et al. Ran-

domized clinical trial of omega-3 fatty acid-supplemented enteral nutrition
versus standard enteral nutrition in patients undergoing oesophagogastric

cancer surgery. Br J Surg 2012;99:346e55.

[327] Sakurai Y, Masui T, Yoshida I, Tonomura S, Shoji M, Nakamura Y, et al.
Randomized clinical trial of the effects of perioperative use of immune-

enhancing enteral formula on metabolic and immunological status in pa-
tients undergoing esophagectomy. World J Surg 2007;31:2150e7.

[328] Song GM, Tan X, Liang H, Yi LJ, Zhou JG, Zeng Z, et al. Role of enteral
immunonutrition in patients undergoing surgery for gastric cancer: a sys-

tematic review and meta-analysis of randomized controlled trials. Medicine

(Baltimore) 2015;94(31):e1311.
[329] Mabvuure NT, Roman I, Khan OA. Enteral immunonutrition versus standard

enteral nutrition for patients undergoing oesophagogastric resection for
cancer. Int J Surg 2013;11:122e7.

[330] Burden S, Todd C, Hill J, Lal S. Pre-operative nutrition support in patients

undergoing gastrointestinal surgery. Cochrane Database Syst Rev 2012;11.
CD008879.

[331] Moya P, Soriano-Irigiaray L,Ramirez JM, Garcea A, Blasco O, Blanco F,
Brugiotti C, et al. Perioperative standard oral nutrition supplements versus

immunonutrition in patients undergoing colorectal resection in an enhanced
recovery (ERAS) protocol: a multicenter randomized clinical trial (SONV)

study. Medicine (Balt) 2016;95:e3704.

[332] Strickland A, Brogan A, Krauss J, Martindale R, Cresci G. Is the use of
specialized nutritional formulations a cost-effective strategy? A national

database evaluation. J Parenter Enteral Nutr 2005;29:S81e91.
[333] Braga M, Gianotti L. Preoperative immunonutrition: cost-benefit analysis.

J Parenter Enteral Nutr 2005;29:S57e61.

[334] Chevrou-S�everac H, Pinget C, Cerantola Y, Demartines N, Wasserfallen JB,
Sch€afer M. Cost-effectiveness analysis of immune-modulating nutritional

support for gastrointestinal cancer patients. Clin Nutr 2014;33:649e54.
[335] Klek S, Scislo L, Walewska E, Choruz R, Galas A. Enriched enteral nutrition

may improve short term survival in stage IV gastric cancer patients, ran-

domized controlled trial. Nutrition 2016 [Epub ahead of print].
[336] Houdijk AP, Rijnsburger ER, Jansen J, Wesdorp RI, Weiss JK, McCamish MA,

et al. Randomised trial of glutamine-enriched enteral nutrition on infectious
morbidity in patients with multiple trauma. Lancet 1998;352:772e6.

[337] Garcia-de-Lorenzo A, Zarazaga A, Garcia-Luna PP, Gonzalez-Huix F, Lopez-
Martinez J, Mijan A, et al. Clinical evidence for enteral nutritional support

with glutamine: a systematic review. Nutrition 2003;19:805e11.

[338] Conejero R, Bonet A, Grau T, Esteban A, Mesejo A, Montejo JC, et al. Effect of a
glutamine-enriched enteral diet on intestinal permeability and infectious

morbidity at 28 days in critically ill patients with systemic inflammatory

response syndrome: a randomized, single-blind, prospective, multicenter
study. Nutrition 2002;18:716e21.

[339] Zhou YP, Jiang ZM, Sun YH, Wang XR, Ma EL, Wilmore D. The effect of
supplemental enteral glutamine on plasma levels, gut function, and outcome

in severe burns: a randomized, double-blind, controlled clinical trial.

J Parenter Enteral Nutr 2003;27:241e5.
[340] Stavrou G, Damoraki G, Georgitsi M, Tsaousi G, Giamarellos-Bourboulis EJ. A

four-probiotics regimen reduces postoperative complications after colorectal
surgery: a randomized double-nlind, Placebo-controlles study. World J Surg

2015;39:2776e83.
[341] Rayes N, Seehofer D, Theruvath T, Schiller RA, Langrehr JM, Jonas S, et al.

Supply of pre- and probiotics reduces bacterial infection rates after liver

transplantation e a randomized, double-blind trial. Am J Transplant 2005;5:
125e30.

[342] Rayes N, Seehofer D, Theruvath T, Mogl M, Langrehr JM, Nussler NC, et al.
Effect of enteral nutrition and synbiotics on bacterial infection rates after

pylorus-preserving pancreatoduodenectomy: a randomized, double-blind

trial. Ann Surg 2007;246:36e41.
[343] Kanazawa H, Nagino M, Kamiya S, Komatsu S, Mayumi T, Takagi K, et al.

Synbiotics reduce postoperative infectious complications: a randomized
controlled trial in biliary cancer patients undergoing hepatectomy. Langen-

becks Arch Surg 2005;390:104e13.

[344] Usami M, Miyoshi M, Kanbara Y, Aoyama M, Sakaki H, Shuno K, et al. Effects
of perioperative synbiotic treatment on infectious complications, intestinal

integrity, and fecal flora and organic acids in hepatic surgery with or without
cirrhosis. J Parenter Enteral Nutr 2011;35:317e28.

[345] Rayes N, Pilarski T, Stockmann M, Bengmark S, Neuhaus P, Seehofer D. Effect
of pre- and probiotics on liver regeneration after resection: a randomised,

double-blind pilot study. Benef Microbes 2012;3:237e44.

[346] Sugawara G, Nagino M, Nishio H, Ebata T, Takagi K, Asahara T, et al. Peri-
operative synbiotic treatment to prevent postoperative infectious compli-

cations in biliary cancer surgery: a randomized controlled trial. Ann Surg
2006;244:706e14.

[347] Rayes N, Seehofer D, Hansen S, Boucsein K, Muller AR, Serke S, et al. Early

enteral supply of lactobacillus and fiber versus selective bowel decontami-
nation: a controlled trial in liver transplant recipients. Transplantation

2002;74:123e7.
[348] Kinross JM, Markar S, Karthikesalingam A, Chow A, Penney N, Silk D, et al.

A meta-analysis of probiotic and synbiotic use in elective surgery: does
nutrition modulation of the gut microbiome improve clinical outcome?

J Parenter Enteral Nutr 2013;37:243e53.

[349] Gu WJ, Deng T, Gong YZ, Jing R, Liu JC. The effects of probiotics in early
enteral nutrition on the outcomes of trauma: a meta-analysis of randomized

controlled trials. J Parenter Enteral Nutr 2013;37:310e7.
[350] Falcao de Arruda IS, de Aguilar-Nascimento JE. Benefits of early enteral

nutrition with glutamine and probiotics in brain injury patients. Clin Sci

(Lond) 2004;106:287e92.
[351] Bozzetti F, Gavazzi C, Miceli R, Rossi N, Mariani L, Cozzaglio L, et al.

Perioperative total parenteral nutrition in malnourished, gastrointestinal
cancer patients: a randomized, clinical trial. J Parenter Enteral Nutr

2000;24:7e14.
[352] Klein S, Kinney J, Jeejeebhoy K, Alpers D, Hellerstein M, Murray M, et al.

Nutrition support in clinical practice: review of published data and recom-

mendations for future research directions. Summary of a conference spon-
sored by the National Institutes of Health, American Society for Parenteral

and Enteral Nutrition, and American Society for Clinical Nutrition. Am J Clin
Nutr 1997;66:683e706.

[353] Pacelli F, Bossola M, Rosa F, Tortorelli AP, Papa V, Doglietto GB. Is malnu-

trition still a risk factor of postoperative complications in gastric cancer
surgery? Clin Nutr 2008;27:398e407.

[354] Jie B, Jiang ZM, Nolan MT, Zhu SN, Yu K, Kondrup J. Impact of preoperative
nutritional support on clinical outcome in abdominal surgical patients at

nutritional risk. Nutrition 2012;28:1022e7.
[355] Ligthart-Melis GC, Weijs PJM, te Boveldt ND, Buskermolen S, Earthman CP,

Verheul HMW, et al. Dietician-delivered intensive nutritional support is

associated with a decrease in severe postoperative complications after sur-
gery in patients with esophageal cancer. Dis Esophagus 2013;26:587e93.

[356] Brunner A, Leuenberger M, Grimble RF, Shenkin A, Allison SP, Lobo DN.
Nutrition in clinical practice-the refeeding syndrome: illustrative cases and

guidelines for prevention and treatment. Eur J Clin Nutr 2008;62:687e94.

[357] Elia M, Normand C, Norman K, Laviano A, Norman K. A systematic review of
the cost and cost effectiveness of using standard oral nutritional supple-

ments in the hospital setting. Clin Nutr 2016;35:370e80.
[358] Stippler D, Bode V, Fischer M, Kollex K, Rohde E, Tisowsky B, et al. Proposal

for a new practicable categorization system for food for special medical

purposes - enteral nutritional products. Clin Nutr ESPEN 2015;10:e219e23.
[359] Burden ST, Hill J, Shaffer JL, Campbell M, Todd C. An unblinded randomised

controlled trial of preoperative oral supplements in colorectal cancer pa-
tients. J Hum Nutr Diet 2011;24:441e8.

[360] Grass F, Bertrand PC, Sch€afer M, Ballabeni P, Cerantola Y, Demartines N, et al.
Compliance with preoperative oral nutritional supplements in patients at

nutritional risk. Eur J Clin Nutr 2015;69:525e9.

[361] Hill GL. Impact of nutritional support on the clinical outcome of the surgical
patient. Clin Nutr 1994;13:331e40.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650648

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref314
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref314
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref314
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref314
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref315
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref315
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref315
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref315
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref315
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref316
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref316
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref316
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref316
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref316
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref316
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref317
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref317
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref317
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref317
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref318
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref318
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref318
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref318
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref319
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref319
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref319
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref319
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref319
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref320
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref320
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref320
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref320
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref321
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref321
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref321
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref321
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref321
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref322
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref322
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref322
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref322
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref323
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref323
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref323
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref323
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref323
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref324
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref324
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref324
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref324
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref325
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref325
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref325
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref325
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref325
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref326
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref326
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref326
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref326
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref326
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref327
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref327
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref327
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref327
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref327
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref328
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref328
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref328
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref328
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref329
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref329
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref329
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref329
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref330
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref330
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref330
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref331
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref331
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref331
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref331
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref331
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref332
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref332
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref332
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref332
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref333
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref333
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref333
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref334
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref334
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref334
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref334
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref334
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref334
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref335
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref335
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref335
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref336
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref336
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref336
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref336
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref337
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref337
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref337
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref337
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref338
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref338
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref338
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref338
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref338
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref338
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref339
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref339
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref339
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref339
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref339
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref340
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref340
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref340
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref340
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref340
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref341
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref341
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref341
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref341
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref341
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref341
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref342
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref342
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref342
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref342
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref342
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref343
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref343
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref343
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref343
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref343
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref344
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref344
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref344
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref344
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref344
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref345
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref345
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref345
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref345
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref346
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref346
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref346
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref346
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref346
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref347
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref347
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref347
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref347
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref347
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref348
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref348
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref348
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref348
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref348
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref349
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref349
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref349
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref349
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref350
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref350
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref350
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref350
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref351
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref351
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref351
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref351
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref351
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref352
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref352
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref352
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref352
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref352
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref352
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref352
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref353
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref353
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref353
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref353
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref354
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref354
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref354
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref354
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref355
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref355
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref355
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref355
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref355
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref356
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref356
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref356
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref356
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref357
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref357
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref357
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref357
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref358
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref358
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref358
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref358
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref359
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref359
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref359
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref359
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref360
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref360
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref360
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref360
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref360
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref361
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref361
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref361


[362] McClave SA, Martindale RG, Vanek VW, McCarthy M, Roberts P, Taylor B, ,

et alA.S.P.E.N. Board of Directors, American College of Critical Care Medicine,
Society of Critical Care Medicine. Guidelines for the provision and assess-

ment of nutrition support therapy in the adult critically ill patient: society of
critical care medicine (SCCM) and American society for parenteral and

enteral nutrition (A.S.P.E.N.). J Parenter Enteral Nutr 2009;33:277e316.

[363] Hur H, Kim SG, Shim JH, Song KY, Kim W, Park CH, et al. Effect of early oral
feeding after gastric cancer surgery: a result of randomized clinical trial.

Surgery 2011;149:561e8.
[364] Seven H, Calis AB, Turgut S. A randomized controlled trial of early oral

feeding in laryngectomized patients. Laryngoscope 2003;113:1076e9.
[365] Butters M, Straub M, Kraft K, Bittner R. Studies on nutritional status in

general surgery patients by clinical, anthropometric, and laboratory pa-

rameters. Nutrition 1996;2:405e10.
[366] Klek S, Sierzega M, Szybinski P, Szczepanek K, Scislo L, Walewska E, et al.

Perioperative nutrition in malnourished surgical cancer patients e a pro-
spective, randomized, controlled clinical trial. Clin Nutr 2011;30:708e13.

[367] Kompan L, Kremzar B, Gadzijev E, Prosek M. Effects of early enteral nutrition

on intestinal permeability and the development of multiple organ failure
after multiple injury. Intensive Care Med 1999;25:157e61.

[368] Perel P, Yanagawa T, Bunn F, Roberts I, Wentz R, Pierro A. Nutritional support
for head-injured patients. Cochrane Database Syst Rev 2006;(4). CD001530.

[369] Braga M, Gianotti L, Gentilini O, Liotta S, Di Carlo V. Feeding the gut early

after digestive surgery: results of a nine-year experience. Clin Nutr 2002;21:
59e65.

[370] Daly JM, Bonau R, Stofberg P, Bloch A, Jeevanandam M, Morse M. Immediate
postoperative jejunostomy feeding. Clinical and metabolic results in a pro-

spective trial. Am J Surg 1987;153:198e206.
[371] Delany HM, Carnevale N, Garvey JW, Moss GM. Postoperative nutritional

support using needle catheter feeding jejunostomy. Ann Surg 1977;186:

165e70.
[372] Gabor S, Renner H, Matzi V, Ratzenhofer B, Lindenmann J, Sankin O, et al.

Early enteral feeding compared with parenteral nutrition after oesophageal
or oesophagogastric resection and reconstruction. Br J Nutr 2005;93:

509e13.

[373] Gupta V. Benefits versus risks: a prospective audit. Feeding jejunostomy
during esophagectomy. World J Surg 2009;33:1432e8.

[374] Kemen M, Senkal M, Homann HH, Mumme A, Dauphin AK, Baier J, et al. Early
postoperative enteral nutrition with arginine-omega-3 fatty acids and

ribonucleic acid-supplemented diet versus placebo in cancer patients: an
immunologic evaluation of Impact. Crit Care Med 1995;23:652e9.

[375] Senkal M, Koch J, Hummel T, Zumtobel V. Laparoscopic needle catheter

jejunostomy: modification of the technique and outcome results. Surg
Endosc 2004;18:307e9.

[376] Biffi R, Lotti M, Cenciarelli S, Luca F, Pozzi S, Zambelli M, et al. Complications
and long-term outcome of 80 oncology patients undergoing needle catheter

jejunostomy placement for early postoperative enteral feeding. Clin Nutr

2000;19:277e9.
[377] Bruining HA, Schattenkerk ME, Obertop H, Ong GL. Acute abdominal pain

due to early postoperative elemental feeding by needle jejunostomy. Surg
Gynecol Obstet 1983;157:40e2.

[378] Chin KF, Townsend S, Wong W, Miller GV. A prospective cohort study of
feeding needle catheter jejunostomy in an upper gastrointestinal surgical

unit. Clin Nutr 2004;23:691e6.

[379] Eddy VA, Snell JE, Morris Jr JA. Analysis of complications and long-term
outcome of trauma patients with needle catheter jejunostomy. Am Surg

1996;62:40e4.
[380] Myers JG, Page CP, Stewart RM, Schwesinger WH, Sirinek KR, Aust JB.

Complications of needle catheter jejunostomy in 2,022 consecutive appli-

cations. Am J Surg 1995;170:547e50.
[381] Ramamurthy A, Negi SS, Chaudhary A. Prophylactic tube jejunostomy: a

worthwhile undertaking. Surg Today 2008;38:420e4.
[382] Sarr MG. Appropriate use, complications and advantages demonstrated in

500 consecutive needle catheter jejunostomies. Br J Surg 1999;86:557e61.
[383] SchattenkerkME, ObertopH, BruiningHA, Van RooyenW, VanHouten E. Early

postoperative enteral feeding by a needle catheter jejunostomy after 100

esophageal resections and reconstructions for cancer. Clin Nutr 1984;3:47.
[384] Sica GS, Sujendran V, Wheeler J, Soin B, Maynard N. Needle catheter jeju-

nostomy at esophagectomy for cancer. J Surg Oncol 2005;91:276e9.
[385] Strickland GF, Greene FL. Needle-catheter jejunostomy for postoperative

nutritional support. South Med J 1986;79:1389e92.

[386] Vestweber KH, Eypasch E, Paul A, Bode C, Troidl H. Fine-needle catheter
jejunostomy. Z Gastroenterol 1989;27(Suppl. 2):69e72.

[387] Yermilov I, Jain S, Sekeris E, Bentrem DJ, Hines OJ, Reber HA, et al. Utilization
of parenteral nutrition following pancreaticoduodenectomy: is routine

jejunostomy tube placement warranted? Dig Dis Sci 2009;54:1582e8.

[388] Gerritsen A, Besselink MG, Cieslak KP, Vriens MR, Steenhagen E, van
Hillegersberg R, et al. Efficacy and complications of nasojejunal, jejunostomy

and parenteral feeding after pancreaticoduodenectomy. J Gastrointest Surg
2012;16:1144e51.

[389] Dann GC, Squires MH, Postlewait LM, Kooby DA, Poultsides GA, Weber SM,
et al. An assessment of feeding jejunostomy tube placement at the time of

resection of gastric adenocarcinoma: a seven -institution analysis of 837

patients from the U.S. gastric cancer collaborative. J Surg Oncol 2015;112:
195e202.

[390] Braga M, Capretti G, Pecorelli N, Balzano G, Doglioni C, Ariotti R, et al.

A prognostic score to predict major complications after pan-
creaticoduodenectomy. Ann Surg 2011;254:702e7.

[391] Zhu X, Wu Y, Qiu Y, Jiang C, Ding Y. Comparative analysis of the efficacy and
complications of nasojejunal and jejunostomy on patients undergoing pan-

creaticoduodenectomy. J Parenter Enteral Nutr 2014;38:996e1002.

[392] Markides GA, Alkhaffaf B, Vickers J. Nutritional access routes following
oesophagectomy e a systematic review. Eur J Clin Nutr 2011;65:565e73.

[393] Han-Geurts IJ, Hop WC, Verhoef C, Tran KT, Tilanus HW. Randomized clinical
trial comparing feeding jejunostomy with nasoduodenal tube placement in

patients undergoing oesophagectomy. Br J Surg 2007;94:31e5.
[394] Zern RT, Clarke-Pearson DL. Pneumatosis intestinalis associated with enteral

feeding by catheter jejunostomy. Obstet Gynecol 1985;65:81Se3S.

[395] Schloerb PR, Wood JG, Casillan AJ, Tawfik O, Udobi K. Bowel necrosis caused
by water in jejunal feeding. J Parenter Enteral Nutr 2004;28:27e9.

[396] Gaddy MC, Max MH, Schwab CW, Kauder D. Small bowel ischemia: a
consequence of feeding jejunostomy? South Med J 1986;79:180e2.

[397] Rai J, Flint LM, Ferrara JJ. Small bowel necrosis in association with jejunos-

tomy tube feedings. Am Surg 1996;62:1050e4.
[398] Lawlor DK, Inculet RI, Malthaner RA. Small-bowel necrosis associated with

jejunal tube feeding. Can J Surg 1998;41:459e62.
[399] Scaife CL, Saffle JR, Morris SE. Intestinal obstruction secondary to enteral

feedings in burn trauma patients. J Trauma 1999;47:859e63.

[400] Jorba R, Fabregat J, Borobia FG, Torras J, Poves I, Jaurrieta E. Small bowel
necrosis in association with early postoperative enteral feeding after

pancreatic resection. Surgery 2000;128:111e2.
[401] L€oser C, Aschl G, Hebuterne X, Mathus-Vliegen EM, Muscaritoli M, Niv Y,

et al. ESPEN guidelines on artificial enteral nutritionepercutaneous endo-
scopic gastrostomy (PEG). Clin Nutr 2005;24:848e61.

[402] Grass FG, Benoit M, Coti Bertrand P, Sola J, Sch€afer M, Demartines N, et al.

Nutritional status deteriorates postoperatively despite preoperative nutri-
tional support. Ann Nutr Metab 2016;68:291e7.

[403] Peterson SJ, Tsai AA, Scala CM, Sowa DC, Sheean PM, Braunschweig CL. Ad-
equacy of oral intake in critically ill patients 1 week after extubation. J Am

Diet Assoc 2010;110:427e33.

[404] Luu C, Arrington AK, Falor A, Kim J, Lee B, Nelson R, et al. Impact of gastric
cancer resection on body mass index. Am Surg 2014;80:1022e5.

[405] OuattaraM, D'Journo XB, Loundou A, Trousse D, Dahan L, Doddoli C, et al. Body
mass index kinetics and risk factors of malnutrition one year after radical

oesophagectomy for cancer. Eur J Cardiothorac Surg 2012;41:1088e93.
[406] Baker M, Halliday V, Williams RN, Bowrey DJ. A systematic review of the

nutritional consequences of esophagectomy. Clin Nutr 2016;35:987e94.

[407] Haverkort EB, Binnekade JM, deHaanRJ, BuschOR, vanBergeHenegouwenMI,
Gouma DJ. Suboptimal intake of nutrients after esophagectomy with gastric

tube reconstruction. J Acad Nutr Diet 2012;112:1080e7.
[408] Bowrey DJ, Baker M, Halliday V, Thomas AL, Ruth T, Pulikottil-Jacob Smith K,

et al. A randomised controlled trial of six weeks of home enteral nutrition

versus standard care after oesophagectomy or total gastrectomy for cancer:
report on a pilot and feasibility study. Trials 2015;16:531.

[409] Bae JM, Park JW, Yang HK, Kim JP. Nutritional status of gastric cancer patients
after total gastrectomy. World J Surg 1998;22:254e60.

[410] Ulander K, Jeppsson B, Grahn G. Postoperative energy intake in patients after
colorectal cancer surgery. Scand J Caring Sci 1998;12:131e8.

[411] Harrison J, McKiernan J, Neuberger JM. A prospective study on the effect of

recipient nutritional status on outcome in liver transplantation. Transpl Int
1997;10:369e74.

[412] Ney M, Albraides JG, Ma M, Belland D, Harvey A, Robbins S, et al. Insufficient
protein intake is associated with increased mortality in 630 patients with

cirrhosis awaiting liver transplantation. Nutr Clin Pract 2015;30:530e6.

[413] Ferreira LG, Ferreira Martins AL, Cunha CE, Anastacio LR, Lima AS, Correia MI.
Negative energy balance secondary to inadequate dietary intake of patients

on the waiting list for liver transplantation. Nutrition 2013;29:1252e8.
[414] Forli L, Pedersen JI, Bjortuft O, Vatn M, Boe J. Dietary support to underweight

patients with end-stage pulmonary disease assessed for lung trans-
plantation. Respiration 2001;68:51e7.

[415] Le Cornu KA, McKiernan FJ, Kapadia SA, Neuberger JM. A prospective ran-

domized study of preoperative nutritional supplementation in patients
awaiting elective orthotopic liver transplantation. Transplantation 2000;69:

1364e9.
[416] Chin SE, Shepherd RW, Thomas BJ, Cleghorn GJ, Patrick MK, Wilcox JA, et al.

Nutritional support in children with end-stage liver disease: a randomized

crossover trial of a branched-chain amino acid supplement. Am J Clin Nutr
1992;56:158e63.

[417] Plank LD, McCall JL, Gane EJ, Rafique M, Gillanders LK, McIlroy K, et al. Pre-
and postoperative immunonutrition in patients undergoing liver trans-

plantation: a pilot study of safety and efficacy. Clin Nutr 2005;24:288e96.

[418] Nicoletto BB, Fonseca NKO, Manfro RC, Goncalvez LF, Leitao CN, Souza GC.
Effects of obesity on kidney transplantation outcomes: a systematic review

and meta-analysis. Transplantation 2014;98:167e76.
[419] Nagata S, Shirabe K, Ikegami T, Yoshizumi T, Uchiyama H, Yamashita Y, et al.

Pilot study of preoperative immunonutrition with antioxidants in living
donor liver transplantation donors. Fukuoka Igaku Zasshi 2013;104:530e8.

[420] Lindell SL, Hansen T, Rankin M, Danielewicz R, Belzer FO, Southard JH. Donor

nutritional status e a determinant of liver preservation injury. Trans-
plantation 1996;61:239e47.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 649

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref362
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref362
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref362
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref362
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref362
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref362
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref362
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref363
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref363
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref363
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref363
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref364
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref364
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref364
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref365
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref365
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref365
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref365
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref366
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref366
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref366
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref366
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref366
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref367
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref367
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref367
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref367
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref368
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref368
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref369
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref369
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref369
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref369
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref370
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref370
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref370
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref370
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref371
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref371
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref371
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref371
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref372
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref372
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref372
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref372
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref372
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref373
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref373
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref373
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref374
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref374
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref374
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref374
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref374
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref375
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref375
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref375
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref375
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref376
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref376
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref376
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref376
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref376
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref377
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref377
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref377
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref377
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref378
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref378
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref378
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref378
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref379
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref379
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref379
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref379
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref380
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref380
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref380
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref380
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref381
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref381
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref381
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref382
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref382
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref382
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref383
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref383
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref383
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref384
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref384
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref384
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref385
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref385
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref385
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref386
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref386
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref386
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref387
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref387
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref387
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref387
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref388
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref388
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref388
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref388
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref388
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref389
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref389
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref389
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref389
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref389
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref389
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref390
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref390
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref390
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref390
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref391
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref391
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref391
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref391
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref392
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref392
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref392
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref392
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref393
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref393
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref393
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref393
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref394
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref394
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref394
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref395
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref395
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref395
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref396
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref396
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref396
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref397
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref397
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref397
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref398
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref398
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref398
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref399
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref399
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref399
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref400
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref400
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref400
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref400
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref401
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref401
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref401
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref401
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref401
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref401
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref402
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref402
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref402
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref402
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref402
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref403
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref403
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref403
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref403
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref404
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref404
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref404
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref405
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref405
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref405
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref405
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref406
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref406
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref406
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref407
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref407
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref407
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref407
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref408
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref408
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref408
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref408
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref409
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref409
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref409
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref410
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref410
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref410
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref411
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref411
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref411
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref411
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref412
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref412
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref412
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref412
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref413
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref413
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref413
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref413
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref414
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref414
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref414
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref414
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref415
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref415
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref415
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref415
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref415
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref416
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref416
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref416
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref416
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref416
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref417
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref417
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref417
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref417
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref418
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref418
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref418
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref418
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref419
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref419
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref419
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref419
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref420
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref420
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref420
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref420
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref420


[421] Plauth M, Merli M, Kondrup J, Weimann A, Ferenci P, Muller MJ, ESPEN

Consensus Group. ESPEN guidelines for nutrition in liver disease and
transplantation. Clin Nutr 1997;16:43e55.

[422] Weimann A, Kuse ER, Bechstein WO, Neuberger JM, Plauth M, Pichlmayr R.
Perioperative parenteral and enteral nutrition for patients undergoing

orthotopic liver transplantation. Results of a questionnaire from 16 European

transplant units. Transpl Int 1998;11(Suppl. 1):S289e91.
[423] Kim JM, Joh JW, Kim HJ, Kim SH, Rha M, Sinn DH, et al. Early enteral feeding

after living donor liver transplantation prevents infectious complications: a
prospective pilot study. Medicine (Baltimore) 2015;94:e1771.

[424] Pescovitz MD, Mehta PL, Leapman SB, Milgrom ML, Jindal RM, Filo RS. Tube
jejunostomy in liver transplant recipients. Surgery 1995;117:642e7.

[425] Kyoung KH, Lee SG, Nam CW, Nah YW. Beneficial effect of low caloric untake

in the early period after orthotopic liver transplantation: a new concept
using graft weight. Hepatogastroenterology 2014;61:1668e72.

[426] Murray M, Grogan TA, Lever J, Warty VS, Fung J, Venkataramanan R. Com-
parison of tacrolimus absorption in transplant patients receiving continuous

versus interrupted enteral nutritional feeding. Ann Pharmacother 1998;32:

633e6.
[427] Hasse JM, Blue LS, Liepa GU, Goldstein RM, Jennings LW, Mor E, et al. Early

enteral nutrition support in patients undergoing liver transplantation.
J Parenter Enteral Nutr 1995;19:437e43.

[428] Rovera GM, Graham TO, Hutson WR, Furukawa H, Goldbach B, Todo S, et al.

Nutritional management of intestinal allograft recipients. Transpl Proc
1998;30:2517e8.

[429] Rovera GM, Schoen RE, Goldbach B, Janson D, Bond G, Rakela J, et al. Intes-
tinal and multivisceral transplantation: dynamics of nutritional management

and functional autonomy. J Parenter Enteral Nutr 2003;27:252e9.
[430] Rovera GM, Strohm S, Bueno J, Kocoshis SA, Abu-Elmagd K, Todu S, et al.

Nutritional monitoring of pediatric intestinal transplant recipients. Transpl

Proc 1998;30:2519e20.
[431] Schulz RJ, Dignass A, Pascher A, Heckhausen J, Wiedenmann B, Neuhaus P,

et al. New dietary concepts in small bowel transplantation. Transpl Proc
2002;34:893e5.

[432] Ubesie AC, Cole CR, Nathan JD, Tiao GM, Alonso MH, Mezoff AG, et al.

Micronutrient deficiencies in pediatric patients and young adult intestinal.
Pediatr Transplant 2013;17:638e45.

[433] Kuse ER, Kotzerke J, Muller S, Nashan B, Luck R, Jaeger K. Hepatic reticulo-
endothelial function during parenteral nutrition including an MCT/LCT or

LCT emulsion after liver transplantation e a double-blind study. Transpl Int
2002;15:272e7.

[434] Delafosse B, Viale JP, Pachiaudi C, Normand S, Goudable J, Bouffard Y, et al.

Long- and medium-chain triglycerides during parenteral nutrition in criti-
cally ill patients. Am J Physiol 1997;272:E550e5.

[435] Zhu XH, Wu YF, Qiu YD, Jiang CP, Ding YT. Liver protecting effects of omega-3
fish oil lipid emulsion in liver transplantation. World J Gastroenterol

2012;18:6141e7.

[436] Zhu X, Wu Y, Qiu Y, Jiang C, Ding Y. Effects of omega-3 fish oil lipid emulsion
combined with parenteral nutrition on patients undergoing liver trans-

plantation. J Parenter Enteral Nutr 2013;37:68e74.
[437] Lei Q, Wang X, Zheng H, Bi J, Tan S, Li N. Perioperative immunonutrition in

patients undergoing liver transplantation: a meta-analysis of randomized
controlled trials. Asia Pac J Clin Nutr 2015;24:583e90.

[438] Plank LD, Mathur S, Gane EJ, Peng SL, Gillanders L, McIllroy K, et al. Peri-

operative immunonutition in patients undergoing liver transplantation - a
randomized double blind trial. Hepatology 2015;61:639e47.

[439] Nickkholgh A, Schneider H, Encke J, Buchler MW, Schmidt J, Schemmer P.
PROUD: effects of preoperative long-term immunonutrition in patients lis-

ted for liver transplantation. Trials 2007;8:20.

[440] Netto MC, Alves-Filho G, Mazzali M. Nutritional status and body composition
in patients early after renal transplantation. Transpl Proc 2012;44:2366e88.

[441] Lim AK, Manley KJ, Roberts MA, Fraenkel MB. Fish oil for kidney transplant
recipients. Cochrane Database Syst Rev 2016 Aug 18;(8). CD005282.

[442] Allied Health Sciences Section Ad Hoc Nutrition Committee, Aills L,
Blankenship J, Buffington C, Furtado M, Parrott J. ASMBS Allied health

nutritional guidelines for the surgical weight loss patient. Surg Obes Relat

Dis 2008;4:S73e108.
[443] Torres AJ, Rubio MA. The Endocrine Society's Clinical Practice Guideline on

endocrine and nutritional management of the post-bariatric surgery patient:
commentary from a European perspective. Eur J Endocrinol 2011;165:

171e6.

[444] Thorell A, MacCormick AD, Awad S, Reynolds N, Roulin D, Demartines N,
et al. Guidelines for perioperative care in bariatric surgery: Enhanced Re-

covery After Surgery (ERAS) society recommendations. World J Surg
2016;40:2065e83.

[445] Mechanick JI, Youdim A, Jones DB, Garvey WT, Hurley DL, McMahon MM,

et al. Clinical practice guidelines for the perioperative nutritional, metabolic,
and nonsurgical support of the bariatric surgery patiente2013 update:

cosponsored by American Association of Clinical Endocrinologists, the
Obesity Society, and American Society for Metabolic & Bariatric Surgery.

Obesity (Silver Spring) 2013;21(Suppl. 1):S1e27.
[446] Thibault R, Huber O, Azagury DE, Pichard C. Twelve key nutritional issues in

bariatric surgery. Clin Nutr 2016;35:12e7.

[447] Ronellenfitsch U, Schwarzbach M, Kring A, Kienle P, Post S, Hasenberg T. The
effect of clinical pathways for bariatric surgery on perioperative quality of

care. Obes Surg 2012;22:732e9.
[448] Matlok M, Pedziwiatr M, Major P, Klek S, Budzynski P, Malczak P. One

hundred seventy-nine consecutive bariatric operations after introduction of

protocol inspired by the principles of enhanced recovery after surgery
(ERAS®) in bariatric surgery. Med Sci Monit 2015;21:791e7.

[449] Azagury DE, Ris F, Pichard C, Volont�e F, Karsegard L, Huber O. Does peri-
operative nutrition and oral carbohydrate load sustainably preserve muscle

mass after bariatric surgery? A randomized control trial. Surg Obes Relat Dis
2015;11:920e6.

[450] Olmos MA, Vazquez MJ, Gorria MJ, Gonzalez PP, Martinez IO, Chimeno IM,

et al. Effect of parenteral nutrition on nutrition status after bariatric surgery
for morbid obesity. J Parenter Enteral Nutr 2005;29:445e50.

[451] Ballesta C, Berindoague R, Cabrera M, Palau M, Gonzales M. Management of
anastomotic leaks after laparoscopic Roux-en-Y gastric bypass. Obes Surg

2008;18:623e30.

[452] Gonzalez R, Nelson LG, Gallagher SF, Murr MM. Anastomotic leaks after
laparoscopic gastric bypass. Obes Surg 2004;14:1299e307.

[453] Gonzalez R, Sarr MG, Smith CD, Baghai M, Kendrick M, Szomstein S, et al.
Diagnosis and contemporary management of anastomotic leaks after gastric

bypass for obesity. J Am Coll Surg 2007;204:47e56.

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650650

http://refhub.elsevier.com/S0261-5614(17)30063-8/sref421
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref421
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref421
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref421
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref422
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref422
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref422
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref422
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref422
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref423
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref423
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref423
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref424
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref424
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref424
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref425
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref425
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref425
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref425
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref426
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref426
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref426
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref426
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref426
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref427
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref427
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref427
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref427
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref428
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref428
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref428
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref428
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref429
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref429
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref429
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref429
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref430
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref430
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref430
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref430
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref431
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref431
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref431
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref431
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref432
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref432
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref432
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref432
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref433
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref433
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref433
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref433
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref433
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref433
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref434
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref434
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref434
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref434
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref435
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref435
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref435
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref435
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref436
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref436
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref436
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref436
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref437
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref437
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref437
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref437
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref438
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref438
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref438
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref438
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref439
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref439
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref439
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref440
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref440
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref440
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref441
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref441
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref442
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref442
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref442
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref442
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref442
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref443
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref443
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref443
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref443
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref443
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref444
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref444
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref444
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref444
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref444
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref445
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref446
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref446
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref446
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref447
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref447
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref447
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref447
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref448
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref448
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref448
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref448
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref448
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref448
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref449
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref449
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref449
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref449
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref449
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref449
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref450
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref450
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref450
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref450
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref451
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref451
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref451
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref451
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref452
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref452
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref452
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref453
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref453
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref453
http://refhub.elsevier.com/S0261-5614(17)30063-8/sref453

	ESPEN guideline: Clinical nutrition in surgery
	1. Preliminary remarks – Principles of metabolic and nutritional care
	1.1. Nutrition therapy
	1.2. Preoperative nutritional care
	1.2.1. Nutritional “metabolic” risk and disease-related malnutrition

	1.3. Surgery
	1.4. Postoperative management of metabolism and gut function
	1.5. Evidence of nutritional therapy

	2. Methodology
	2.1. Aim of the guideline
	2.2. Methodology of guideline development
	2.3. Search strategy

	3. Basic questions
	3.1. Is preoperative fasting necessary?
	3.2. Is preoperative metabolic preparation of the elective patient using carbohydrate treatment useful?
	3.3. Is postoperative interruption of oral nutritional intake generally necessary after surgery?

	4. Indication for nutritional therapy
	4.1. When is nutritional assessment and therapy indicated in the surgical patient?
	4.1.1. Enteral vs. parenteral
	4.1.2. Enteral tolerance and timing of PN
	4.1.3. Hyperglycaemia

	4.2. Is there an indication for supplementing i.v. glutamine
	4.2.1. Is there an indication for supplementing oral glutamine?

	4.3. Is there an indication for supplementing arginine (IV or EN) alone?
	4.4. Is there an indication for supplementing i.v. omega-3-fatty acids?
	4.5. Is there an indication for specific oral/enteral formula enriched with immunonutrients?
	4.5.1. Pre-, peri- or postoperative timing
	4.5.2. Special indications
	4.5.3. Cost effectiveness
	4.5.4. Long-term outcome
	4.5.5. Synbiotics

	4.6. Which patients benefit from nutritional therapy in the preoperative period?
	4.6.1. Duration of preoperative nutritional therapy according to nutritional risk
	4.6.2. When are preoperative oral nutritional supplements and enteral nutrition indicated?

	4.7. When is preoperative parenteral nutrition indicated?

	5. Postoperative nutrition
	5.1. Which patients benefit from early postoperative tube feeding?
	5.2. Which formulae should be used?
	5.3. How should patients be tube fed after surgery?
	5.4. Which patients will benefit from EN after discharge from the hospital?

	6. Organ transplantation
	6.1. When is enteral nutrition necessary before solid organ transplantation?
	6.2. When is nutritional therapy indicated after solid organ transplantation?

	7. Bariatric surgery
	7.1. When is perioperative nutritional therapy indicated in the bariatric patient?

	8. Conclusion
	Conflict of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


