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Summary

Pre-operative nutrition therapy is increasingly recognised as an essential component of surgical care. The
present review has been formatted using Simon Sinek’s Golden Circle approach to explain ‘why’ avoiding pre-
operative malnutrition and supporting protein anabolism are important goals for the elective surgical patient,
'how’ peri-operative malnutrition develops leading in part to a requirement for pre-operative anabolic
preparation, and ‘what’ can be done to avoid pre-operative malnutrition and support anabolism for optimal

recovery.

Correspondence to: C. Gillis
Email: chelsia.gillis@ucalgary.ca
Accepted: 11 August 2018

Keywords: nutrition prehabilitation; peri-operative nutrition; pre-surgery optimisation

Twitter: @Paul_Wischmeyer

Introduction

In the peri-operative period, the primary nutrition goals are
to evaluate the patient for pre-existing malnutrition, treat
malnutrition to optimise surgical readiness, minimise
starvation, prevent postoperative malnutrition, and support
anabolism for recovery [1]. Although additional nutritional
considerations will be required for surgical subspecialities
and to provide personalised patient care, these basic
nutrition principles hold true for all cases. Our paper uses
Simon Sinek’s Golden Circle approach [2] to apply these
basic surgical nutrition principles to the pre-operative

period, largely focusing on elective abdominal surgery.

Surgical stress response

An understanding of the surgical stress response is essential
to understanding the role nutrition plays in promoting
optimal surgical recovery. Surgical trauma induces a state of
metabolic activation (the surgical stress response) that
parallels the extent of injury, and which is characterised by

hormonal, haematological, metabolic and immunological
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changes [1, 2]. The surgical stress response is clinically
manifested as salt and water retention to maintain plasma
volume; increased cardiac output and oxygen consumption
to maintain systemic delivery of nutrient and oxygen-rich
blood; and mobilisation of energy reserves (glycogen,
adipose, lean body mass) to maintain energy processes,
repair tissues and synthesise proteins involved in the
immune response [2].

Nutritionally-relevant clinical consequences of the
surgical stress response include hyperglycaemia and
whole-body protein catabolism [1, 2]. Catabolism
manifests clinically as the wasting of lean tissue, including
muscle, and largely occurs due to a reprioritisation; lean
mass is mobilised, releasing amino acids into circulation
for preferential uptake by the liver to allow the synthesis of
acute phase reactants, and the production of glucose
from non-carbohydrate sources via gluconeogenesis.
Hyperglycaemia is the result of peripheral and central
insulin resistance. Peripheral insulin resistance refers to

impaired insulin-mediated glucose uptake, whereas
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central insulin resistance refers to the inability of insulin to
suppress glucose production from the liver [2].
Adequate  pre-operative  physiological reserve,
commonly defined as the capacity for organs to function
before exhaustion, is required to meet the functional
demands of the surgical stress response, including
increased cardiac output and delivery of oxygen [2, 3].
Likewise, pre-operative energy reserves, such as lean
body mass, are required to support the stress-induced
mobilisation of reserves so that physiological integrity and
strength is not compromised [3, 4]. Surgical patients with
low reserve, including malnourished, frail and sarcopaenic
(muscle-depleted)  patients, are vulnerable,  with
diminished capacity to respond to the added demands of

a surgical insult [5, 6].

Malnutrition

There is no universally accepted definition for malnutrition;
however, commonalities among definitions include an
‘unbalanced nutritional state’ that leads to ‘alterations in body
composition’ and ‘diminished function’ [7]. An unbalanced
nutritional state refers to both over- and undernutrition [8].
Patients who suffer from overnutrition consume excess
energy, and patients who suffer from undernutrition consume
too few nutrients, including energy and protein [8]. The ‘body
composition’ term refers to anthropometric changes in total
body and lean mass [1], whereas ‘function’, which most
commonly refers to physical function, also encompasses
cognitive and immune function [9].

In the Western world, undernutrition is seldom the
exclusive result of a deficient nutrient intake, and thus
definitions for malnutrition often additionally include an
aetiology-based diagnosis for malnutrition [9]. A definition
of malnutrition for the undernourished surgical patient
might thus be ‘a nutritional state in which nutrient intake
does not match nutrient needs — due to underlying disease
(s) the surgical stress response, chronic or acute
inflammation, intestinal malabsorption (e.g. diarrhoea) and/
or patient-related factors (e.g. socio-economic status) —
leading to losses in lean tissue and diminished function'.

Although it is important to be aware that malnutrition
and undernutrition are not synonymous, the remainder
of this article is restricted to malnutrition in the

undernourished state.

Why avoid pre-operative malnutrition?

Nearly 50% of patients admitted to hospital are
malnourished or at risk of malnutrition [10]. If malnutrition
persists unabated, clinical problems ensue, including

functional impairment, decreased immune defence,
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delayed wound healing and organ dysfunction [11].
Prospective cohort studies from around the world suggest
that malnourished hospitalised and surgical patients have
significantly worse clinical outcomes, including as much as
fourfold greater risk of mortality [12-15]; greater odds of
complications [12, 16-19]; more frequent re-admissions
[10, 12, 14, 20]; prolonged hospitalisations [10, 12, 14, 16,
19]; and increased healthcare costs[12, 21].

Experimental evidence indicates that malnutrition is a
modifiable risk factor for surgery. A meta-analysis of 15
randomised controlled trials (RCTs), including 3831
malnourished patients undergoing a variety of surgical
procedures, identified that peri-operative nutritional
support was significantly more effective than the control at
decreasing the incidence of infectious complications, with a
risk ratio (RR; 95%Cl) of 0.6 (0.5-0.7; p <0.01); non-
infectious complications 0.7 (0.6-0.9; p <0.01); and
shortening the length of hospital stay by approximately
2 days (95%Cl —5.1 to —0.2; p < 0.05) [22]. A Cochrane
review of 13 RCTs, including 548 patients, of pre-operative
nutritional therapy in gastro-intestinal surgery found that
pre-operative immune-enhancing nutrition compared with
no or standard nutrition significantly reduced total
postoperative complications, RR (95%Cl) 0.7 (0.5-0.8;
p = 0.0006) [23]. The review also included 260
predominantly malnourished patients, in whom parenteral
nutrition compared with no nutrition was also beneficial at
reducing major complications, RR (95%Cl) 0.6 (0.5-0.9;
p = 0.005)[23]. Collectively, these studies indicate that both
nutritional deficiencies and nutritional repletion have an
impact on surgical recovery.

How does malnutrition develop?

Malnutrition is a nutritional state in which nutrient intake
(from food, supplements, nutrition support) does not match
nutrient needs, with multifactorial origins (Fig. 1) [8].
Impaired intake is considered the most important
aetiological factor in the development of malnutrition [24],
and can be its sole cause. Malnutrition may be related to
disease and inflammatory processes altering nutrient
requirements, rendering a previously adequate intake
inadequate; disease- and treatment-related symptoms may
also impede intake (referred to as nutrition-impact
symptoms, for example, loss of appetite [25, 26]).

Before surgery, the onset of malnutrition might stem
from a combination of the following: mechanical
obstruction (e.g. tumour-related bowel obstruction); gastro-
intestinal abnormalities (e.g. malabsorption); drug or
treatment-related side-effects (e.g. nausea, intestinal failure
from radiotherapy damage); metabolic abnormalities as a
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Figure 1 Diagram of potential deterioration in nutritional status over the peri-operative period. There are several peri-operative
stages at which nutritional status could be compromised. The onset of disease and disease treatments may introduce metabolic
abnormalities, including inflammation, that alter nutrition needs. Patients may find it difficult to meet their nutrient needs
through food intake due to tumour-related obstruction, malabsorption and the onset of nutrition-impact symptoms (e.g. loss of
appetite). Patient-related factors, including socio-economic status, additionally have an impact on food intake. Furthermore,
malnutrition often goes undiagnosed, leaving the patient to face the surgical stress response in a suboptimal nutritional state,
with diminished physiological reserves to respond to the demands of this stress response. In hospital, several barriers to
adequate food intake exist, such as missed or interrupted meals, that have further impact on nutritional status. Patients are often
discharged home without nutritional follow-up, they suffer further nutrition-impact symptoms from their pain medication and/or
additional treatments, while relying on their own knowledge of food and nutrition to begin the process of convalescence.

result of primary and comorbid diseases (e.g. tumour-
induced insulin resistance can mobilise endogenous
energy sources such as amino acids); and several patient-
related factors that have an impact on food intake (e.g.
socio-economic  status, social isolation, nutritional
knowledge)[24, 25].

After surgery, patients are also faced with several
additional barriers to adequate food intake, including the
surgical stress response and organisational barriers in
hospital (e.g. missed meals or tube feeds withheld due to
scheduled  clinical investigations). The Canadian
Malnutrition Task Force (CMTF), a prospective study
involving 18 acute care hospitals across Canada, identified
that nearly 50% of hospitalised patients felt ‘too sick’ to eat,
a third of patients had difficulty opening food packages,
two-thirds were not given hospital food when meals were
missed, and nearly half did not get help when needed [26].
In fact, even patients provided with standardised enhanced
recovery after surgery (ERAS) nutrition care did not meet
minimally adequate requirements for protein [27, 28], and
required nutritional education to correct misconceptions
thatimpeded adequate nutrition in hospital [29]. The CMTF
also identified that most patients did not improve their
nutritional status during hospitalisation, and that half of the
patients who remained in hospital > 7 days were identified
as malnourished at discharge. Furthermore, 75% of
malnourished patients did not receive care from a dietician
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during their hospital stay, and only 11% received dietetic
care post-discharge [30-33].

What can be done to avoid malnutrition?

Nutritional management should begin pre-operatively to
optimise nutritional status in preparation for the metabolic
demands of surgical injury. Nutritional management should
continue postoperatively to maintain nutritional status for
supporting wound healing, improving the immune
response and facilitate functional recovery [1, 2].

Surgical nutrition guidelines, such as the European
Society for Clinical Nutrition and Metabolism [1], American
Society of Parenteral Enteral Nutrition [34] and the
American Society for Enhanced Recovery with Peri-
operative Quality Initiative [35] all provide details on
selecting nutrition screening tools, malnutrition assessment
tools, and treatment for malnourished and at-risk patients.
Nearly all guidelines suggest systematic, routine screening
for malnutrition and subsequent nutrition assessment with a
validated malnutrition assessment tool or a comprehensive
nutrition assessment by a registered dietician if the nutrition
screen is positive. A comprehensive nutrition assessment
involves understanding the personal cause(s) of
malnutrition and correcting barriers to adequate food
intake. Patients identified as malnourished, or at risk,
require individualised treatment plans that may include

therapeutic diets (e.g. high protein), fortified foods, high
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Figure 2 Duke University Pre-Operative Nutrition Score
(PONS; adapted from reference [35]). PONS utilises data-
driven questions from the validated Malnutrition Universal
Screening Tool [37]to assess for malnutrition risk in peri-
operative patients. Any score > 1 signifies malnutrition risk,
and the patient should receive pre-operative nutrition
therapy before undergoing surgery.

protein oral nutrition supplements, enteral nutrition and/or
parenteral nutrition [36].

Examples of an existing tool, the Peri-operative
Malnutrition Score [35, 37], used to identify malnutrition risk,
and a nutrition optimisation programme for patients at risk
of peri-operative malnutrition at Duke University, the Peri-
Operative Enhancement Team clinic, are shown in Figs. 2
and 3.

Protein anabolism

Body proteins are constantly synthesised and degraded to
maintain a neutral whole-body protein balance in normal,
healthy adults [38]. The extent to which body proteins are
broken down, releasing amino acids into circulation for
reuse, is considerable; however, this recycling is not 100%
efficient and, in particular, nine amino acids, referred to
as essential or indispensable amino acids, cannot be
synthesised de novo by adults, necessitating a daily
requirement to ingest dietary protein [38]. When protein
ingestion does not meet metabolic demands, catabolism
(body protein breakdown) ensues to meet needs. When
whole-body  protein  synthesis  outweighs  protein
breakdown, anabolism is favoured [38].

Why support protein anabolism before surgery?

Maintaining lean mass, including muscle mass (the largest
‘reservoir’ of amino acids), is essential to support wound
healing, immunity and autonomy [11, 39, 40]. Muscle-
depleted patients (i.e. sarcopaenic patients) have limited
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reserve to respond to the surgical stress response [41, 42],
increasing their odds of developing complications [6, 43],
an increased length of hospital stay [43], and contributing to
poor survival [, 43, 44]. Computed tomography studies are
beginning to define pre-operative body composition
profiles, including low muscle mass, that predict surgical
outcomes. Multivariable analysis of 805 colorectal cancer
patients identified that low muscle mass before surgery was
an independent predictor of overall survival; however, it was
the presence of myosteatosis (fatty infiltration, an indicator
of muscle quality), that was associated with prolonged
hospital stay. The authors also identified that, in particular,
obese patients with low muscle mass were more likely to
suffer from 30-day morbidity and mortality rates [6]. These
findings suggest that specific body composition profiles
predict different surgical risks.

Experimental evidence supports the idea that
prehabilitation, an anabolic intervention comprising
exercise, nutrition, and psychological preparation in the
waiting period before surgery, promotes a better surgical
outcome [45, 46]. Much like training for a marathon, surgical
prehabilitation employs multi-modal interventions in the
pre-surgical period to fortify physiological reserve, and thus
prepares patients emotionally and physically to withstand
surgical insult [41]. Randomised controlled trials indicate
multi-modal prehabilitation successfully improves a variety
of surgical outcomes in abdominal surgery patients,
including earlier return to baseline function [45-47]. A
recent meta-analysis of nine prospective cohort and RCT
studies of nutrition prehabilitation, with or without exercise,
in colorectal surgery identified that receipt of any
prehabilitation significantly reduced days spent in hospital
compared with controls by 2 days (95%ClI —3.5 to
—0.9 days) [48]. Moreover, frail patients appear to gain the
greatest benefits from prehabilitation treatment [45, 49]. As
examples, colorectal cancer patients with poor baseline
functional capacity experience more meaningful gains in
pre- and postoperative function compared with patients
with good baseline functional capacity [49]; and patients
aged over 70 years with functional limitations (ASA physical
status 3-4) suffer fewer postoperative complications after
abdominal surgery if treated with personalised multi-modal

prehabilitation, when compared with control patients [45].

How come surgical patients require pre-operative
anabolic preparation?

Patients with illness, including surgical injury, inflammation
and malignant disease, often present with an elevated
turnover of body proteins, necessitating a greater total
protein intake to attenuate the catabolism of body tissues to
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Figure 3 Pre-operative nutrition intervention plan from the Peri-operative Enhancement Team (POET) clinic at Duke University.
PONS, Pre-Operative Nutrition Score. Any patient assessed as being at malnutrition risk (PONS score > 1)is referred for
evaluation by a dietitian and receives nutrition care according to this pathway. ONS, oral nutrition supplements.

meet needs [2]. Additionally, disease- and treatment-related
disruptions in normal metabolism have been found to alter
specific amino acid requirements; suggesting that several
amino acids, such as glutamine, arginine and cysteine, may
become conditionally essential in oncological and surgical
states [50, 51]. For instance, biosynthesis of acute phase
proteins, associated with inflammation, imposes a new
demand for aromatic and sulphur amino acids [50]. A stable
isotope investigation estimated that, in pancreatic cancer,
patients experiencing an ongoing inflammatory response,
2.6 g of muscle protein would need to be catabolised to
synthesise 1 g of the positive acute phase reactant
fibrinogen, if food was not consumed [51]. In addition, older
patients [52] and patients with advanced cancer [53, 54]
might suffer from anabolic resistance. That is, although their
anabolic capacity is intact, a larger, sufficient dose of amino
acids is required to achieve a typical anabolic response [52,
53]. If dietary intake does not compensate for these specific
and total amino acid demands, body tissue is catabolised to
meet needs (Fig. 4) [55].

Unfortunately, most older adults do not meet the
minimal dietary protein requirements established for
healthy individuals. A prospective cohort of 1793
community-dwelling older adults revealed that half the
cohort consumed less than 1 g protein.kg™"'day™" [39].
Recent evaluations of dietary protein requirements propose
that intakes in the range of at least 1.2-1.6 g kg~ 'day ™" are
required to mitigate age-related muscle depletion and
support optimal muscle health in ageing [39].

What can be done to meet protein needs and support
protein anabolism before surgery?

Dietary protein consumption and resistance exercise-
training exert independent and additive anabolic effects.

©2019 Association of Anaesthetists

The hyperamino-acidaemia that follows protein ingestion
without exercise stimulates a transient increase in muscle
protein synthesis [56]; in healthy individuals, this anabolic
effect is offset by daily catabolic periods (i.e. fasting
between meals and during sleep) to produce an overall
neutral protein balance that maintains lean mass [38].
Resistance exercise, even in the absence of food intake,
stimulates muscle protein synthesis at 24 h and up to 48 h
postexercise in certain populations [38, 57]. Resistance
exercise, however, also elicits a concomitant increase in
muscle protein breakdown for up to 24 h[57]. The net effect
is that muscle protein balance after exercise improves, but
does not become positive, in the fasted state (i.e. fasted
state losses are less) [38]. Lean tissue accretion, however,
will not occur without a positive protein balance, with
protein synthesis exceeding protein breakdown. Stable
isotope studies suggest net muscle protein balance
postexercise remains negative until amino acids are
available [38, 57, 58]. Instead, it is the synergistic effect of
feeding- and exercise-induced stimulation of muscle
protein synthesis that positively impacts protein balance, to
a greater extent than either feeding or exercise could alone.
Repeated bouts of resistance exercise and protein feeding
stimulate lean tissue gains[38].

Several stable isotope studies show that the protein
synthetic response in muscle plateaus with the ingestion
of a 20-35 g dose of protein — known as the ‘muscle
full effect’ [59]. At this point, ingested amino acids are
no longer used for muscle protein synthesis. This
muscle full effect has been observed both after exercise
[60, 61] and with meals at rest [62, 63]. Moore et al.
used stable isotopes to measure muscle protein
synthesis in six men who consumed 0g, 5g, 10g,
20 g or 40 g whole egg protein on five separate
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Figure 4 Diagram of the balance between peri-operative metabolic supply and demand. Patients with illness, including
surgical injury, acute or chronicinflammation and cancer, often have greater needs for dietary protein. Elevated protein needs
are the result of metabolic alterations associated with illness and illness-related treatments. When protein ingestion from food
does not meet metabolic demands, body tissue is catabolised to meet needs. By meeting metabolic demands and maintaining
homeostasis, largely through food intake, the patient avoids excessive catabolism and consequent losses of body protein and
strength. Patients can achieve anabolism and build body tissue before surgery through adequate food/nutrient intake,
adequate protein intake (from food and/or supplements), and resistance exercise.

occasions, so that each participant served as his own
control, after an intense bout of leg-based resistance
exercise. The authors found that muscle protein
synthesis was maximally stimulated at 20 g [60].

Based on evidence of this ceiling effect in muscle, an
‘equal distribution hypothesis” has been proposed [64]. This
recommends that protein intake should be spread across all
meals [63] and when eating after exercise [58], aiming for an
amount of 20-35 g [59, 64]. It also suggests that the
anabolic response is increased with habitual repetition.
A 7-day crossover feeding study in healthy adult men by
Mamerow et al. [65] supports this hypothesis. The authors
found that 24 h mixed muscle protein synthesis was
approximately 25% greater in response to an even
distribution of protein (i.e. 30 g with meals) rather than a
skewed protein distribution, despite diets being iso-
energetic and isonitrogenous.

There are some criticisms of the ‘equal distribution
hypothesis’. An editorial stated that it is premature to
conclude that an acute anabolic response accurately
predicts the anabolic response over the long-term [66].
Also, laboratory settings do not reflect real life eating
patterns; in reality, our meals are often composed of mixed
macronutrients  rather  than  protein alone. The
macronutrient composition of meal intake may influence
protein synthesis [59]. Finally, because the hypothesis is
based on studies of muscle protein synthesis, which do not
account for whole-body protein needs, some authors
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believe the total anabolic response may be underestimated
[67].

Most often, ‘high-quality’ proteins are reported to exert
the greatest effect on muscle protein synthesis [56]. According
to a recent report by the Food and Agriculture Organization
(FAO) of the United Nations, protein quality should be
assessed based on the availability of essential amino acids
after digestion in comparison with amino acid requirements
[68]. The FAO has adopted the digestible indispensable
amino acid score to quantify protein quality. Using this scoring
system, animal proteins tend to constitute high-quality
proteins, with milk proteins among the highest quality [68].

If we extrapolate all these findings from healthy
populations, while recognising that they need to be
confirmed in surgical settings, a protein-centred approach
to meal planning that includes high-quality proteins and a
relatively even daily distribution of protein intake might
effectively maximise protein synthesis. This would require a
change in eating habits; for instance, North Americans tend
to consume > 60% of their daily protein at their evening
meal [69], and thus would not achieve the ‘muscle full effect’
at their earlier meals. While the ‘equal distribution
hypothesis’ is intriguing, whole-body protein needs should
not be forgotten, and these might require > 35 g protein
intake with meals. Optimal total daily protein intakes for
surgery are currently not well defined, although several
guidelines suggest that surgical patients should consume at
least 1.2-2.0 g protein.kg™".day~"[1, 35].
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Additional nutrients, such as omega-3 fatty acids and
vitamin D, may also complement or augment the protein
anabolic response. Smith et al. [70] randomly assigned 16
healthy, older adults to receive either omega-3 fatty acids or
corn oil for 8 weeks. Corn oil supplementation had no effect
on muscle protein synthesis rate, whereas omega-3 fatty
acid supplementation was found to augment muscle
protein synthesis. Likewise, a meta-analysis of 13 RCTs of
supplemental vitamin D in adults aged > 60 years,
compared with placebo or standard treatment on muscle
function, found that supplementation with at least 800 U of
vitamin D decreased postural sway, reduced time to
complete the Timed Up and Go Test, and marginally
increased lower extremity strength [71]. These findings
might also be applicable in clinical settings.

In conclusion, avoiding malnutrition and supporting
anabolism are basic surgical nutritional goals. Before
surgery, these goals can be met through nutrition screening
and assessment to diagnose, treat and prevent
malnutrition. Pre-operative nutritional interventions, such as
nutritional prehabilitation with exercise cotherapy, function
to optimise overall nutritional status and support protein
anabolism before surgery, conditioning stronger patients

foran earlier surgical recovery.
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