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Purpose of review

To highlight recent developments in the field of perioperative nutritional support by

reviewing clinically pertinent English language articles from October 2008 to December

2010, that examined the effects of malnutrition on surgical outcomes, optimizing

metabolic function and nutritional status preoperatively and postoperatively.

Recent findings

Recognition of patients with or at risk of malnutrition remains poor despite the availability

of numerous clinical aids and clear evidence of the adverse effects of poor nutritional

status on postoperative clinical outcomes. Unfortunately, poor design and significant

heterogeneity remain amongst many studies of nutritional interventions in surgical

patients. Patients undergoing elective surgery should be managed within a multimodal

pathway that includes evidence-based interventions to optimize nutritional status

perioperatively. The aforementioned should include screening patients to identify those

at high nutritional risk, perioperative immuno-nutrition, minimizing ‘metabolic stress’ and

insulin resistance by preoperative conditioning with carbohydrate-based drinks,

glutamine supplementation, minimal access surgery and enhanced recovery protocols.

Finally gut-specific nutrients and prokinetics should be utilized to improve enteral feed

tolerance thereby permitting early enteral feeding.

Summary

An evidence-based multimodal pathway that includes interventions to optimize

nutritional status may improve outcomes following elective surgery.
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Introduction
Despite decades of research into therapeutic nutrition,

the prevalence of malnutrition has remained alarmingly

high, ranging from 24 to 88%, depending on definitions

used and populations studied [1�]. Up to 65% of patients

undergoing gastrointestinal surgery are malnourished

[2,3] and two-thirds of patients lose weight during

hospitalization [4]. The association of malnutrition with

adverse outcomes was recognized as early as 1936, when

Studley [5] showed that mortality after elective surgery

for peptic ulcer disease was 3.5% in patients with less

than 20% preoperative weight loss and 33% in those with

at least 20% weight loss. Remarkably, 50 years of progress

in anesthesia and surgery have led to little change in

these figures: a study of 365 consecutive patients under-

going abdominal operations for malignant disease showed

that malnourished patients had a significantly higher

incidence of complications (72 vs. 29%) and mortality

(23 vs. 4%) than well nourished ones [6].

Whilst there exist several screening tools such as

the Malnutrition Universal Screening Tool (MUST),
opyright © Lippincott Williams & Wilkins. Unauth
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Nutritional Risk Screening (NRS) 2002 and Subjective

Global Assessment (SGA) [7–10] to aid recognition of

malnutrition, and guidelines on the provision of nutri-

tional support [11], current clinical practice (nutritional

assessment and provision of nutritional support) [12��]

and knowledge amongst medical personnel remain poor

[13].

This review focuses on developments in the field of

perioperative nutritional support from October 2008 to

December 2010, limited to clinically relevant English

language articles addressing the effects of malnutrition on

surgical outcomes, optimizing metabolic function and

nutritional status preoperatively and postoperatively.
Nutritional status of surgical patients
Although the problem of malnutrition within community

and hospital settings is widely recognized [1�,14,15], and

guidelines recommending formal nutritional assessment

at hospital admission exist [10,11], a report by the UK

National Confidential Enquiry into Patient Outcome

and Death (NCEPOD) has highlighted several serious
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failings [12��]. Having reviewed the care of 820 patients

aged 80 or older who died within 30 days of surgery, the

authors found 11% of UK hospitals surveyed did not have

formal policies/protocols for nutritional assessment and

35% did not have a nutrition support team [12��]. The

admitting teams failed to recognize malnutrition in 43%

of admissions, and a nutritional assessment was not

undertaken in 73% of patients admitted with an acute

abdomen [12��]. European investigators have similarly

reported that nutrition-related problems were rarely

recognized and treated in geriatric medical patients

[14]. Finally, although patients with resectable colorectal

cancer were traditionally not considered a group at risk

of malnutrition, a study of 132 such patients, enrolled 2–

4 weeks prior to surgery, identified that half were weight-

losing and 20% were malnourished [16].
Effects of malnutrition on perioperative
outcomes
A number of recent studies (Table 1) have further

characterized the relationship between preoperative

nutritional status, risk of malnutrition and postoperative

outcomes [17–23], and confirm previous observations

[5,6] that disease-related malnutrition is associated with

increased morbidity, mortality and length of hospital stay.

Malnutrition also results in greater risks of readmission,

institutionalization and higher costs of care [1�,17–

22,24,25]. However, most of these studies [17–23] were

retrospective observational cohort studies on small num-

bers of participants with severe malnutrition. The diffi-

culties of undertaking good-quality randomized studies

in these patient groups are also compounded by the lack

of an accepted definition of malnutrition. The resultant

heterogeneity [1�] precludes systematic review and meta-

analysis [11], but an International Guideline Committee

is developing a consensus approach to defining malnu-

trition syndromes [26].
Optimizing and delivering nutritional support
The past decade has witnessed a paradigm shift in the

management of patients undergoing elective surgery,

specifically with respect to avoidance of preoperative

fasting, implementation of enhanced recovery protocols

and perioperative optimization of nutritional status and

metabolic function.

Avoidance of preoperative fasting and minimizing

insulin resistance

Preoperative fasting, a traditional and dogmatic practice

[27], has been shown to induce metabolic stress, impair

mitochondrial function and produce insulin resistance

[28,29�–31�]. Insulin resistance, characterized by

decreased responsiveness of tissues to the actions of

insulin [29�], is associated with prolonged hospital stay
opyright © Lippincott Williams & Wilkins. Unautho
[32], morbidity [33,34��] and mortality [33,34��]. A pro-

spective study of 273 patients undergoing elective cardiac

surgery has demonstrated that for each 1 mg/kg/min

decrease in intraoperative insulin sensitivity, there was

increased incidence of major complications [odds ratio

(OR) (95% confidence intervals, CIs) 2.23 (1.3–3.85),

P¼ 0.004], death [OR 2.33 (0.94–5.78), P¼ 0.067], severe

infection [OR 4.95 (1.48–16.8), P¼ 0.01] and minor

infection [OR 1.97 (1.27–3.06), P¼ 0.003] [34��].

Measures to attenuate insulin resistance such as pre-

operative ingestion of carbohydrate-based drinks 2–3 h

before surgery, as pioneered by Ljungqvist’s group in

Sweden [35,36] may, therefore, lead to clinical benefits.

Such regimens have been shown to attenuate the devel-

opment of insulin resistance by up to 50% [29�,30�] and

form part of Enhanced Recovery After Surgery (ERAS,

vide infra) protocols [31�]. Recent studies have helped

elucidate some of the mechanisms by which these drinks

attenuate insulin resistance. A randomized, placebo-con-

trolled study of 40 patients undergoing laparoscopic

cholecystectomy who ingested a carbohydrate-based

drink that also contained glutamine and antioxidants

demonstrated significantly increased intraoperative liver

glycogen reserves in the intervention group [37�].

Furthermore, ingestion of the study drink was associated

with a four-fold (P< 0.001), 44% (P< 0.05) and 1.5-fold

(P< 0.001) lower expression of muscle pyruvate dehydro-

genase kinase 4 (PDK4) mRNA, PDK4 protein and

metallothionein 1A (Mt1A) expression, respectively,

when compared with placebo. PDK4 acts to phosphor-

ylate and inactivate pyruvate dehydrogenase complex

(PDC). The latter plays a key role in muscle metabolism

by controlling the entry of carbohydrate-derived pyruvate

into the tricarboxylic acid cycle thereby regulating carbo-

hydrate oxidation (COX). The postoperative insulin-

resistant state is characterized by defective oxidative

glucose disposal (i.e. COX) [29�]. Lower muscle PDK4

expression may enable PDC activity and COX, thereby

improving insulin sensitivity [37�]. Reduced Mt1A

expression in the carbohydrate-conditioned group was

indicative of decreased cellular oxidative stress; however,

the relationship between oxidative stress and insulin

resistance remains unclear [29�]. Another randomized

study examined the effects of preoperative carbohydrate

loading on insulin signalling pathways in 52 patients

undergoing elective surgery [38]. Carbohydrate loading

enhanced tyrosine kinase activity, and phosphatidyl-ino-

sitol 3-kinase and protein kinase B expression. This

cellular pathway is responsible for most of the metabolic

actions of insulin and the aforementioned changes were

associated with decreased postoperative insulin resist-

ance [38], as determined by homeostasis model assess-

ment (HOMA) modelling [39]. mRNA expression of

inflammatory and insulin signalling genes in muscle

and adipose tissues has also been examined [40,41].

Major surgery was associated with marked up-regulation
rized reproduction of this article is prohibited.
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of mRNA expression of inflammatory genes in muscle

[40] and adipose tissue [41]. However, as protein expres-

sion and postoperative insulin sensitivity were not

measured [40,41], the associations of these variables

with the development of insulin resistance remain

unknown.

Enhanced recovery after surgery

Enhanced recovery after surgery programmes integrate a

range of perioperative interventions aimed to maintain

physiological function, minimize the stress of major

surgery and facilitate recovery [31�]. Of note are avoid-

ance of bowel preparation (grade A evidence), pre-

operative carbohydrate loading (grade A), utilization of

minimal access surgery, avoidance of fluid overload and

maintenance of normovolemia [42�] (grade A), and

finally, early feeding after surgery (grade A) [31�]. How-

ever, most studies of interventions within the ERAS

protocol were undertaken in patients undergoing elective

colorectal resection [31�], not all the individual interven-

tions have been subjected to randomized studies, and few

studies have demonstrated actual clinical benefit. There

is, however, clear evidence that implementation of ERAS

protocols attenuates the development of postoperative

insulin resistance [43] and significantly reduces length of

hospital stay [weighted mean difference (WMD), �2.55

(95% CI �3.24 to �1.85) days] [44�].

Preoperative nutritional support

There is no role for routine nutritional support in patients

undergoing major surgery [45]. Guidelines advocate

preoperative nutritional support, preferably enteral, for

patients at severe nutritional risk for 7–14 days prior

to major surgery (grade A) [45,46]. Patients at severe

nutritional risk were defined by the European guidelines

[46] to have at least one of the following: weight loss

more than 10–15% within 6 months; a BMI less than

18.5 kg/m2; Subjective Global Assessment Grade C; or

serum albumin below 30 g/l (with no evidence of hepatic/

renal dysfunction). In patients with severe undernutrition

who cannot be fed adequately orally or enterally, 7–

10 days of preoperative parenteral nutrition are recom-

mended (grade A) [47�].

A randomized study of 34 moderately and severely

malnourished patients undergoing major abdominal

surgery examined the effects of 5 days of intravenous

glutamine dipeptide supplementation (0.3 g/kg/day) of

preoperative nutrition (mainly parenteral) [48]. Whilst

there were increases in preoperative white blood cell,

granulocyte and lymphocyte counts, these changes were

not sustained into the first postoperative week and did

not alter clinical outcomes [48]. Furthermore, glutamine

supplementation was not continued postoperatively

[48], when glutamine is known to become a conditionally

essential amino acid.
opyright © Lippincott Williams & Wilkins. Unauth
In cancer patients undergoing neoadjuvant therapy,

intensive dietary counselling and, if necessary, oral or

enteral nutritional support is recommended [25]. How-

ever, there is a lack of robust evidence that this improves

morbidity and mortality [25]. Finally, the role of preo-

perative carbohydrate-based drinks containing additional

metabolic conditioning agents (such as glutamine and

antioxidants) [37�,49] on postoperative insulin resistance

and outcome remains to be examined. However, it has

been suggested that preoperative glutamine supplement-

ation may be used as an adjunct to modulate glucose

utilization and insulin sensitivity [49].

Postoperative nutritional support

Studies on the application of postoperative nutritional

support via differing routes (enteral, parenteral, oral)

were reviewed.

Enteral nutrition

Current data [50�,51] and consensus recommendations

[31�] advocate early institution of enteral nutrition post-

operatively. A systematic review and meta-analysis of the

effects of early enteral feeding within 24 h of intestinal

surgery (vs. no feeding within 24 h) demonstrated a

significant reduction in mortality [relative risk (RR)

0.42 (95% CI 0.18–0.96)], a trend towards decreased

length of stay [WMD �0.89 (95% CI �1.58 to �0.2)

days] and no benefit or harm related to anastomotic

dehiscence [RR 0.62 (95% CI 0.3–1.28)] in the early

fed group [50�]. However, the aforementioned meta-

analysis [50�], whilst updating an earlier Cochrane review

[52], has been criticized [53] for including data from an

immune-enhancing feed trial and for omitting studies

that appeared to meet the inclusion criteria.

There are conflicting data regarding the significance of

inadequate energy provision during early critical illness,

probably resultant from poor study design, heterogeneity

of patients and differing feed regimens. A retrospective

medical ICU study [54] allocated patients to one of three

groups depending upon caloric intake. Group 1 received

less than 33%, group 2 33–65% and group 3 more than

65% of estimated energy requirements. Group 2 achieved

spontaneous ventilation quickest, but there were no

differences between the groups in nosocomial sepsis

[54]. The authors concluded that moderate underfeeding

(33–65% estimated energy requirements) may improve

outcomes [54], conclusions that were at odds with those

of two other studies [55,56�]. A retrospective observa-

tional study on patients in a medical ICU [55] demon-

strated that those who received less than 60% of their

recommended energy intake during the first week of

critical illness had a higher risk of ICU mortality [OR

2.43, (95% CI 1.1–5.11)] than those who received more

than 60% of their recommended energy intakes [55].

However, the latter study utilized crude methods to
orized reproduction of this article is prohibited.
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estimate energy requirements (multiplying patient’s

actual weight by 25–30 kcal/kg/day), did not differentiate

between patients who received enteral or mixed enteral-

parenteral feeding, nor was it possible to determine if

inadequate gut function (enteral intolerance [57��]) under-

lay decreased energy provision. A prospective multicentre

observational study [56�] of 207 mixed ICU patients

demonstrated that greater energy provision, by means of

enteral feeding, was associated with a dose-dependent

reduction in infectious complications (particularly after

96 h of ICU admission) [56�]. Whilst the study design

[56�] did not prove causality and the authors did not define

how nutritional goals were determined for individual

patients, the findings highlight that the relationship

between enteral feed tolerance and clinical outcome is

worthy of further investigation. Indeed, a contemporary

study has examined the effects of gut-specific nutrients

(GSNs, substances with specific effects on gut function,

morphology, ecoflora or physiology, over and above their

roles as nutrient substrates) on enteral tolerance [57��]. In a

randomized, double-blind, placebo-controlled study of

50 critically ill patients with inadequate gut function

(defined as oral or enteral tolerance of less than 80% of

calculated nutritional requirements for a minimum con-

secutive period of 48 h) patients received either a 30-day

cocktail of GSNs (multivitamins, probiotics, prebiotics and

glutamine) or placebo. The administration of GSNs

resulted in significantly earlier return to normal of gut

function compared with controls [median (interquartile

range) 164 (120–225) vs. 214 (184–401) h, respectively].

Earlier return of gut function did not impact on clinical

endpoints such as length of stay, complications and mor-

tality, outcomes that this study was not powered for [57��].

Other strategies to increase enteral feed tolerance include

using prokinetic agents and placement of postpyloric

feeding tubes. Metoclopromide, at a dose of 10 mg

4 times/day, stimulates gastric and duodenal motility in

the short term but the effects rapidly diminish after 3 days

[58]. Erythromycin, at a dose of 3 mg/kg, stimulates motilin

receptors but administration for more than 3–4 days is

associated with reduced efficiency [58]. Used in combi-

nation, the aforementioned drugs have been shown to be

effective in promoting prolonged feeding [59]. Lately,

there has been interest in the concept of permissive

underfeeding during short-term nutritional support, as this

may be associated with improved outcomes and reduced

morbidity [60]. However, most of the studies reviewed [60]

were designed poorly, included small numbers of hetero-

geneous patients and few had set out investigation of the

role of underfeeding as their primary objective, making it

difficult to draw firm conclusions [60].

Parenteral nutrition

Postoperative parenteral nutrition is recommended in

patients who cannot meet their caloric requirements
opyright © Lippincott Williams & Wilkins. Unautho
orally or enterally within 7–10 days [47�]. There is

grade A evidence for the use of parenteral nutrition

in undernourished patients in whom enteral nutrition is

not feasible nor tolerated, and in patients with post-

operative complications impairing gastrointestinal func-

tion [47�]. Supplementing postoperative parenteral

nutrition with fish oils reduced nonseptic infective

complications (23.1 vs. 78.6%, P¼ 0.007) in a random-

ized study of 27 patients undergoing elective major

gastrointestinal surgery [61]. A meta-analysis that com-

pared studies of fish-oil-enriched parenteral nutrition

with standard parenteral nutrition demonstrated a

positive effect on length of stay [WMD, �2.98; (95% CI

�4.65 to �1.31), P< 0.001, N¼ 627] and postoperative

infection rate [OR 0.56 (95% CI 0.32–0.98), P¼ 0.04,

N¼ 539] [62�].

Glutamine supplementation

A meta-analysis of 31 randomized studies on glutamine-

supplemented parenteral and enteral nutrition in critical

illness and surgery identified poor trial quality, mixed

patient populations, inappropriate postoperative admin-

istration of parenteral nutrition following elective gastro-

intestinal surgery and possible publications bias [63��].

However, parenteral glutamine in critical illness was

associated with a nonsignificant reduction in mortality

[RR 0.71 (95% CI 0.49–1.03), P¼ 0.07, N¼ 680] but

significant reductions in infections [RR 0.78 (95% CI

0.63–0.97), P¼ 0.03, N¼ 481] and organ failure [RR

0.60 (95% CI 0.42–0.85), P¼ 0.004, N¼ 439] [63��]. In

patients who were given glutamine-containing parenteral

nutrition after surgery, whether they required parenteral

nutrition or not, there was a significant reduction in

infection [RR 0.43 (95% CI 0.27–0.69), P< 0.001,

N¼ 297] [63��]. No beneficial effect was seen in patients

who received enteral glutamine postoperatively. There

was also evidence that higher doses of glutamine (�4.2 g

glutamine/kg) were more effective in reducing mortality

[63��]. The meta-analysis [63��] did not examine whether

preoperative nutritional status affected outcomes in

patients who received glutamine-supplemented feeds

postoperatively. This is of importance given findings

from a multicentre randomized study in which no

beneficial effects were demonstrated following intrave-

nous glutamine supplementation for 1 day preoperatively

and 5 days postoperatively, on the clinical outcomes of

428 well nourished patients undergoing surgery for

gastrointestinal cancer [64�]. However, this study [64�]

reported a higher rate of infectious morbidity than

previous studies and patients did not receive any artificial

nutrition for 5 days postoperatively. Current evidence,

therefore, supports the use of parenteral glutamine

supplementation for critically ill patients. However,

the subgroups of surgical patients who would benefit

from parenteral glutamine supplementation remain

unclear.
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Oral nutrition

There are limited data on the adequacy of oral intake

after extubation of critically ill patients. One such obser-

vational study in a mixed ICU demonstrated that average

daily energy and protein intake failed to exceed 50% of

recommendations in all 50 patients studied for a week

after extubation [65], mainly due to nausea, vomiting and

anorexia. In a randomized study of 143 patients, early oral

feeding (within 48 h) following major laparotomy for

gynecological malignancy was associated with sig-

nificantly decreased overall (17 vs. 39%) and infective

complications (3 vs. 14%), and shortened length of stay

(4.7 vs. 5.8 days, P¼ 0.006), when compared with a

‘traditional’ regimen of nil by mouth pending resumption

of bowel function (presence of bowel sounds and passage

of flatus), with no differences in nausea, vomiting, analge-

sic or antiemetic requirements [51]. Preoperative nutri-

tional status was not described [51], and the ‘traditional’

postoperative regimen of nil by mouth pending return of

bowel function, although not in line with current best

practice [31�], does reflect common postoperative prac-

tice in many hospitals [66]. Indeed, a recent national

collaborative effort in the Netherlands succeeded in

implementing early oral nutrition in 65% of ERAS

patients undergoing colorectal surgery by the second

postoperative day [66]. Multimodal management of post-

operative nausea and vomiting, which occurs in 1 : 5

patients, was key to the success of the programme [66].

Perioperative optimization of nutritional status and

immuno-metabolic function

Perioperative immunonutrition (enteral nutrition supple-

mented with a combination of immuno-modulating sub-

strates such as arginine, glutamine, v-3 fatty acids and

nucleotides), independent of nutritional risk, is recom-

mended for patients undergoing major neck or abdominal

surgery for cancer [46]. These formulae should be started

5–7 days before surgery and continued for 5–7 days

postoperatively after uncomplicated surgery (grade C

recommendation) [46]. Findings from a recent meta-

analysis of 21 trials supported these guidelines, whereby

perioperative immunonutrition reduced overall compli-

cations [OR 0.39 (95% CI 0.28–0.54), N¼ 1039] and

length of hospital stay [WMD �2.12 (95% CI �2.97 to

�1.26), N¼ 2279 days], but not mortality, following major

gastrointestinal surgery [67��].

Compared to severely malnourished patients, undergoing

surgery for head and neck cancer who received peri-

operative standard enteral nutrition, those who received

arginine-supplemented enteral nutrition (Ar-EN) had

improved long-term survival in a randomized double-

blind study [68�]. Patients received enteral feeds for

approximately 9 days preoperatively and 10 days

postoperatively. There was improved median overall

long-term (34.8 vs. 20.7 months, P¼ 0.019) and dis-
opyright © Lippincott Williams & Wilkins. Unauth
ease-specific survival (94.4 vs. 20.8 months, P¼ 0.022)

in the Ar-EN group with differences remaining signifi-

cant after adjusting for confounding variables [68�]. The

differences in survival were speculated to result from

improved immune function in the Ar-EN group

[68�]. Another randomized study of patients undergoing

surgery for oesophageal cancer compared a standard

enteral nutrition formula with enteral nutrition enriched

with eicosapentaenoic acid (EPA) [69]. Patients received

the feeds for 5 days preoperatively and 21 days post-

operatively. EPA-enriched enteral nutrition was associ-

ated with preservation of lean body mass and a signifi-

cantly attenuated stress response postoperatively [69].

A randomized, open-labelled study of perioperative oral

nutritional supplementation (ONS) vs. no supplement-

ation, in normal/mildly undernourished geriatric patients

(N¼ 60) undergoing surgery for hip fracture, failed to

demonstrate clinical benefits in the ONS group [70].

However, this study was underpowered to detect clinical

outcomes, used crude methods to estimate total dietary

energy intakes and patients in the intervention arm only

ingested 52% of the prescribed supplements.

Postdischarge nutritional support

A recent systematic review of studies of postdischarge

oral nutritional supplementation (using commercially

available nutritional supplements given for 1–4 months

postdischarge) of patients who underwent gastrointesti-

nal surgery found little evidence of clinical benefit,

principally due poor methodological study quality, on

morbidity, quality of life, fatigue or hand-grip strength

[71].
Future research
A review of perioperative nutritional support of patients

with oesophageal cancer highlighted the importance of

nutritional intervention (intensive dietetic surveillance

and oral nutritional supplementation) during the neo-

adjuvant period [72], but, data that this improves clinical

outcomes are lacking. Preliminary work has shown that

85% of patients lost 6.8% skeletal muscle (i.e. developed

sarcopenia) over the 2-month course of neo-adjuvant

chemotherapy for oesophagogastric cancer [73]. The

effects of such marked changes in body composition

on outcomes of chemotherapy and surgery remain

unknown. Existing data suggest that sarcopenia may

be associated with adverse outcomes during neoadjuvant

therapy [74–76] and may induce inflammation and insu-

lin resistance [77]. Future studies should also investigate

whether nutritional interventions can ameliorate devel-

opment of sarcopenia during neoadjuvant therapy,

further identify mechanisms underlying postoperative

inflammatory and insulin-resistant responses and, finally,

rigorously validate and optimize individual ERAS
orized reproduction of this article is prohibited.
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Figure 1 Multimodal pathway illustrating current best practices in delivering nutritional support to patients undergoing gastroin-

testinal surgery during the perioperative period
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interventions and the ERAS programme applied outside

the field of colorectal surgery.
Conclusion
The review has outlined recent advances in the field of

perioperative nutritional support. Although poor study

design and heterogeneity persist, there is much scope for

more rigorous studies in better defined [26] patient

subgroups. Implementation of an evidence-based multi-

modal perioperative pathway (Fig. 1) that includes inter-

ventions to optimize nutritional status and metabolic

function, and the utilization of minimal access surgery

[78], may improve postoperative outcomes.
Summary of main findings

(1) R
opy
ecognition of patients with or at risk of malnutrition

remains poor.
(2) P
oor design and significant heterogeneity remain

amongst studies of nutritional interventions.
(3) A
n evidence-based multimodal pathway including

interventions to minimize insulin resistance and

optimize nutritional status may improve outcomes

following elective surgery.
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