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Optimising the medical and physiological status of

patients presenting for major cancer surgery is an

important objective and an evolving field of

perioperative medicine. The demands for day of

surgery admission and enhanced recovery after

surgery (ERAS) requires implementation of

programmes that are initiated in the preoperative

period and followed through in the intraoperative and

postoperative periods. These patients may also

undergo neoadjuvant chemoradiation treatment (n-

CRT) prior to surgery. Optimising such patients for

major surgery can pose added challenges.
This paper will attempt to review some of the

emerging trends in this field including the role of

Preoperative Anaesthesia Clinics (PAC) in the

physical and nutritional optimisation of these patients

and the impact of Enhanced Recovery After Surgery

programmes (ERAS) on the provision of

perioperative care.

Preoperative risk assessment serves multiple purposes

including individual risk prediction, the identification

of the need for preoperative optimisation and

postoperative critical care, and the subsequent sharing

of this information for decision making between

clinician and patient to develop a “package of care” for

both the patient and the health care facility.
Objective evaluation of a patient's risk of post

Multi-modal, evidence based approaches to

preoperative risk assessment and optimisation.

operative morbidity and mortality can help identify

high risk patients and in some cases result in a decision

not to proceed with major surgery.
Preoperative Anaesthesia Clinics (PAC) are different

to the preoperative assessment performed by a

patient's anaesthetist immediately prior to surgery.

The PAC consultations are performed typically weeks

prior to scheduled surgery and allow for better

documentation, risk assessment and optimisation

strategies for patient co-morbidities.
Data from North American centres have shown

significant benefits in reduction of patient anxiety,(1)

hospital initiated cancellation of cases on the day of

surgery,[2, 3] reduced length of hospital stay and

significant hospital savings [3-5] with the

implementation of PACs.
In 2005 an independent UK based group of

perioperative physicians including anaesthetists,

intensivists and surgeons (ISOG) produced a

comprehensive report titled “ Modernising Care For

Patients Undergoing Major Surgery” (6) and proposed

the following action items:

To implement new standards of care that

incorporate improved preoperative assessment,

preparation and triage, intraoperative care, and

improved use of postoperative resources.

To establish preoperative assessment at a much

earlier stage in the patient pathway, before

surgery planning occurs, in order that decisions

can be made about fitness for various

procedures.

To break out from the 'silo' budgeting approach

that currently inhibits clinical teams from

spending relatively small amounts of money on

technology that will save greater amounts of
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money in other areas.

To prioritise the rational use of critical care

resources, making patients undergoing major

surgery a priority group.

To analyse data about the current situation and

evaluate the differences seen.

There is a lack of consensus as to the credibility of

traditional preoperative diagnostic pulmonary or

cardiac function tests as risk predictors in patients

undergoing major abdominal surgery, especially for

tests performed at rest (static tests). Dynamic testing

to assess functional capacity is increasingly

recognized as an important adjunct in modern surgical

care. Cardiopulmonary exercise testing (CPET) is a

dynamic test and provides the gold standard for

evaluating an individual's functional/physiologic

capacity (fitness level) [7]. CPET-derived respiratory

gas exchange analysis provides a uniquely individual

and objective phenotypic assessment of the metabolic

response to the stress of exercise , evaluating coupling

by the cardiovascular system, of pulmonary

respiration to end-organ cellular (mitochondrial)

respiration [8].

Physiologic Capacity: Preoperative Risk

Stratification and Management - the use of new

technologies.

Impaired Functional Capacity.
Physical conditioning (fitness) correlates with

physiological capacity, and is associated with

longevity [9, 10]. Whether a patient is deconditioned

due to behavioural choice, organ disease, or associated

therapy e.g. chemoradiation therapy, such a reduction

in physiologic capacity is increasingly recognized to

represent

[11-16].
A number of CPET-derived variables allow objective

grading of physiologic dysfunction [8] Of these,

(AT) and

(peak VO ) have been studied as markers of

physiologic capacity that provide risk prediction for

adverse postoperative outcome and used to guide

perioperative decision-making.
Older et al reported that an AT value of less than11

mL/min/kg represented the critical level of

physiologic capacity that identified elderly patients

having major abdominal surgery at high risk of

postoperative cardiac mortality. Patients with an AT

less than11 mL/min/kg had an 18% in-hospital cardiac

mortality rate, whereas patients with a higherAT value

had a 0.8% mortality rate [11]. These authors also

recommended stratification of levels of postoperative

care based on theAT and Ve/VO2. [12, 13] (Table 2).

inability to physiologically meet the

metabolic demands of perioperative stress resulting in

increased risk for postoperative morbidity and

mortality

anaerobic threshold peak oxygen uptake

2

Figure 1 [13]. Results of triage based on CPET testing
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More recent studies have confirmed the value of CPET

based objective assessment of physiologic capacity in

improving risk prediction for adverse surgical

outcome. Snowden et al reported that an AT less or

equal to 10 mL/kg/min was associated with increased

postoperative complications and length of hospital

stay(14); Smith et al confirmed that peak VO and

possibly AT were valid predictors of postoperative

morbidity and mortality in thoraco-abdominal surgery

[15]; Hightower et al reported improved risk

prediction (AUC = 0.85, sensitivity = 88%, and

specificity = 79%) for adverse surgical outcome after

major abdominal cancer surgery [16]. Nagamatsu et al

supported the usefulness of peak oxygen uptake (less

than800 mL/min/m ) as a predictor of postoperative

morbidity in patients undergoing oesophagectomy

[17] and Forshaw et al reported that patients suffering

c a r d i o r e s p i r a t o r y c o m p l i c a t i o n s a f t e r

oesophagectomy had significantly lower peak Vo

[18] Similar studies have been done on patients

having liver transplantation,(19) major elective intra-

abdominal surgery [20], and surgery for aortic

aneurysms[21].
These data strongly suggest that: [1] Patients can

complete a maximal effort, symptom limited CPET

test prior to undergoing major surgery; [2]

preoperative parameters of physiologic capacity (AT

and peak VO ) are significantly associated with

postoperative complications [3] CPET derived

parameters can be utilised to develop care pathways

leading to better outcomes.
Conceivably, as a result of the previous ISOG report

and emerging evidence, CPET testing has seen a

renewed interest in the UK with approximately 1 in 3

NHS trusts and anaesthetic departments now having

access to this test [22].

In patients with gastro-intestinal cancer having

preoperative neoadjuvant chemoradiation a finite

window of time exists wherein surgery should be

performed, allowing physiologic recovery from

neoadjuvant CRT but avoiding the unfavourable

radiation-induced tissue changes if surgery is

performed too early or too late after neoadjuvant CRT.

The timing of the surgery is largely empirical and not
based on objective assessment of recovery of physical

function from neoadjuvant CRT. Accurate

2

2

2

2

Declining Physiologic Capacity after neoadjuvant

CRT.

determination of the time to return to optimal baseline

fitness would potentially have a major impact on the

timing of surgery, postoperative outcome, and timing

of adjuvant CRT. The ability to utilize CPET to

object ively evaluate recovery and guide

interventional strategies (e.g. nutrition and exercise

prescription) to expedite recovery to ensure optimal

physiologic function after neoadjuvant CRT would

ensure that definitive cancer resection occurs within

the most optimal time frame.
Preliminary data demonstrate that physiologic

capacity may deteriorate by as much as 20-30%

following neoadjuvant CRT [23,24]. Given the

increased risk of adverse postoperative outcome with

poor physiologic capacity (e.g. AT less than11

mL/kg/min [12]) such a decline in physiologic

capacity after neoadjuvant CRT may suggest that

previously “fit” patients now fall below this threshold

and thus potentially are at increased risk for adverse

postoperative outcomes. At the present time, the

ability to credibly identify adequate recovery from

deconditioning that follows neoadjuvant CRT is

lacking, with further study needed to determine if

patients would benefit from postponement of surgery

until they have recovered to above this threshold of

physiologic capacity. Whether such a waiting period

would adversely impact long-term cancer outcome

and whether acute preoperative optimisation (e.g.

nutritional or exercise intervention) will accelerate

recovery to above this threshold and thereby reduce

postoperative risk is unknown

There is potential for pre-surgical exercise training to

improve a patient's cardio-respiratory fitness and to

potentially reduce postoperative morbidity and

mortality and improve postsurgical recovery.

Mechanisms whereby exercise training may prove as

an effective therapy include reduction in endothelial

dysfunction and inflammatory statusfactors central to

postoperative morbidity [25]. In a review and meta-

analysis of 12 studies, preoperative exercise therapy

consisting of inspiratory muscle training or exercise

training led to a shorter hospital stay and complication

rates in patients undergoing cardiac or abdominal

surgery but not joint replacement surgery [26]. While

exercise regimens may be logistically difficult to

administer, studies have shown that in patients who

attended greater than 80% of prescribed training

Exercise Capacity Intervention The Evidence
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sessions, preoperative peak VO was increased by

3.3mL/kg/min [27].
In a landmark prospective randomized trial Arthur et

al demonstrated that 8 weeks of multimodal, CPET

based exercise intervention prior to cardiac surgery

resulted in reduced length of hospital and intensive

care stay post surgery[28].
A pilot study to determine the feasibility and

preliminary effectiveness of an individually designed

preoperative therapeutic exercise program in cancer

patients awaiting elective abdominal/thoracic surgery

for 5 weeks showed 84% attendance of sessions with

significant increase in cardio respiratory fitness and

muscle strength despite the relatively short period of

training [29].
Larger studies are required to see if preoperative “pre-

habilitation” with exercise therapy is logistically

feasible and cost-effective as a therapy to reduce

postoperative morbidity and mortality.

The prevalence of malnutrition in patients with cancer

varies according to tumour type, location, and

treatment [30] but is generally reported as high as 20-

80%, [31] with patients with tumours of the upper

gastrointestinal (UGI) tract at particularly high risk of

malnutrition on presentation [32]. This has a negative

impact on immunocompetence, neo-adjuvant

treatment tolerance, wound healing, hospital length of

stay, and increased costs [33-35]. Nutritional status

can be further significantly compromised by the side

effects of multi-modal treatment regimens such as

neoadjuvant CRT.

Malnutrition screening is a simple process that is used

to identify patients at nutritional risk who require a

more thorough and detailed nutrition assessment.

Current dietetic best practice guidelines recommend

that all oncology patients in the acute care setting be

screened for malnutrition [30,35,36]. The

Malnutrition Screening Tool (MST) [37] is an easily

implemented method of identification patients who

need a more thorough nutritional assessment. The

scored Patient-Generated Subjective Global

Assessment (scored PG-SGA) [38, 39] or Subjective

Global Assessment (SGA) are both validated

in the oncology patient population, and

recommended by current guidelines 35 These tools

categorise the degree of malnutrition as either well-

2

Impaired Nutritional Status.

[38, 39]

[ ].

nourished (SGA A); moderate or suspected

malnutrition (SGA B); or severely malnourished

(SGAC).

The early identification and management of patients

demonstrating impaired nutritional status is of

particular importance in patients undergoing major

. Many of these

patients will require supplementary nutrition due to

dysphagia. The appropriate method of nutrition

support is best determined on an individualised basis

by a specialist dietitian in consultation with the

patient, family and treating team. These options

usually include oral nutrition support and tube feeding

when appropriate. Total Parenteral Nutrition (TPN) is

indicated in rare cases only.
Patients undergoing neoadjuvant CRT prior to surgery

raise particular issues relating to the side effects of

treatment and frequently require supplemental tube

feeding. In these patients the option of prophylactic

gastrostomy , a naso-enteric feeding tube or surgical

jejunostomy allows the provision of supplemental

enteral nutrition to be titrated according to the level of

oral intake achieved as the patient progresses

throughout treatment. Compared to relying on oral

intake alone, this improves the patient's nutritional

status both pre- and postoperatively [42, 43].
While nutritional intervention may improve

functional capacity, including recovery from

neoadjuvant CRT [44], further studies are required to

delineate whether an improvement in nutritional

Nutrition Support Options - The Evidence.
The European Society of Parenteral and Enteral

Nutrition (ESPEN) guidelines on enteral nutrition in

surgery recommend nutritional support in patients

with severe nutritional risk for 10-14 days prior to

major surgery [40] .These guidelines define severe

nutritional risk to have at least one of the following:

weight loss greater than 10-15%within 6 months;

Body Mass Index (BMI) less than 18.5 kg.m ; and

SGA score C or serum albumin below 30g/L (with no

evidence of hepatic or liver dysfunction). Similarly,

the United Kingdom's National Institute for Clinical

Excellence (NICE) guidance document on nutrition

support recommends preoperative enteral tube

feeding in patients scheduled for major abdominal

procedures who are identified as malnourished and

unable to meet nutritional requirements orally [41].

-2

upper gastrointestinal cancer surgery
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status, through intervention, will improve surgical

outcome.

The rapidly evolving field of pharmaconutrition

indicates that the future of surgical and ICU nutrition

wi l l invo lve admin i s t ra t ion of spec i f i c

pharmaconutrients [45]. These nutrients are classified

into three families for clarity: Immune-modulating

(arginine), anti-inflammatory (Omega-3 Fatty Acids

( -3FA), glutamine) and cell protective (glutamine,

antioxidants).
Research investigating the benefits of oral and enteral

nutritional formulae enriched with these nutrients

indicate that they play a role in modulating the

immune system, with improved clinical outcomes

such as reduced rate of infection , length of hospital

stay, [46,47] and wound complications [45,48]

Guidelines from professional nutrition societies

around the world identify certain patients who may

benefit from specific pharmaconutrients and

recommend arginine, glutamine and -3FA in most

critically ill patients. However, extreme caution has

been advised in the use of arginine in patients with

sepsis [45]. The use of preoperative enteral nutrition,

preferably with immune modulating substrates, in

patients undergoing major abdominal cancer surgery

including oesophagectomy and gastrectomy is

likewise supported by the ESPEN Guidelines on

enteral nutrition [40,49]
In a subsequent report by the same group (ISOG)

multiple hospitals in the UK have reported improved

results in lengths of hospital care, access to critical

care, and cost reductions from implementation of a

range of perioperative optimisation strategies

including the use of CPET based triage to critical care

[50].

ERAS programmes are increasingly being

incorporated into care pathways for patients

presenting for major cancer surgery. ERAS is a

multimodal perioperative care pathway that is

designed to attenuate the patient's stress response

during the patient's surgical journey. This concept of

multi-modal care was pioneered in the late 1990s by

Professor Henrik Kehlet [51] and has been

implemented with success in a number of European

centres particularly in the context of colorectal

Immunonutrition

Enhanced Recovery Protocols.

n

.

n

.

surgery. The establishment of The ERAS Study Group

in 2001 and subsequent publications [52,53] have

radically changed the perioperative management of

these patients resulting in protocolised, evidence

based management pathways.
A summary of the recommendations made in these

publications [53-55] are reflected in Table 1.
Table 1. Adapted with permission from Varadhan et al

[55].
A recent metanalysis of six randomised controlled

trials have shown that implementation of ERAS

programmes resulted in shorter durations of hospital

stay and reduced complications with no difference to

re-admission rates or mortality [54]. These results are

postulated to flow from the three goals of ERAS

programmes: reduction of physiological stress,

support of organ function and reduction in

postoperative morbidity.
It is however, noteworthy that the individual elements

of ERAS have been independently subjected to

scientific evaluation and should therefore be readily

transferable in combination or in isolation to non-

colorectal surgery settings. Although the evidence is

limited, there are multiple reports of ERAS pathways

resulting in reduction in lengths of hospital stay and

complications in patients undergoing thoracic,(56)

urology, [57] oesophageal, [58] pancreatic, [59] liver,

[60, 61] and vascular [62, 63] surgery.
The implementation of these programs require

considerable time and effort. It has also been argued

that a patient's length of hospital stay is significantly

affected by organisational factors such as bed

availability and discharge policies rather than the use

of ERAS protocols alone [64]. Also, the economic

benefit of shorter hospital stay may not be realised if

early discharge results in higher than desired re-

admission rates. This may be a significant factor in the

developing world where community support services

may not be adequate.

Preoperative anaesthesia clinics provide a unique

opportunity for the co-ordinated implementation of

evidence based, multimodal strategies aimed at

optimising patients prior to major cancer surgery.

Although the emerging evidence for nutritional and

physical “prehabilitation” of patients is looking

promising, there is a need for audit and research of this

Conclusion
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Preoperative phase Rationale Recommendation

Preadmission

information and

counselling

Preadmission counselling ensures a clear

understanding of the intended

perioperative care to be received with

emphasis on attaining specific preset

targets that help alleviate the stress

responses to surgery.

Provision of oral and written patient

information regarding hospitalization,

pain relief, and achieving postoperative

targets such as early nutrition,

mobilization, and discharge.

No bowel preparation Bowel preparation leads to dehydration

and changes in fluid and electrolyte

balance with possible increased risk for

complications, such as prolonged

postoperative ileus, and anastomotic

leakage.

Patients undergoing elective colonic

resection above the peritoneal reflection

should not receive routine oral bowel

preparation. Bowel preparation may be

considered in low rectal resection where

a diverting stoma is planned.

Preoperative

nutritional support

Approximately 27–45% of hospitalized

patients are malnourished with increased

risk for tissue wasting, impaired immune

function, impaired healing, and organ

dysfunction. Preoperative carbohydrate

loading reduces the incidence of

complications and facilitates accelerated

recovery through early return of gut

function and shorter hospital stay

leading to an improved perioperative

well being.

Patients should receive carbohydrate

enriched drinks preoperatively.

Patients should be screened for

malnutrition and those at risk should be

given preoperative nutritional support,

orally if possible.

Preoperative fasting Preoperative fasting and surgery

predisposes to metabolic stress and

insulin resistance. Overnight fasting

does not reduce the risk for aspiration.

Intake of clear fluids until 2 hours before

anaesthesia is safe.

The consensus guidelines from a

Cochrane review and guidelines from

anaesthetic societies recommend clear

fluids until 2 hours before induction of

anaesthesia and a 6-hour fast for solid

food.

No long-acting

sedatives and

premedication

Long-acting sedatives, hypnotics, and

opioids (pre-emptive analgesia) were

thought to reduce anxiety and stress

related to surgery, but these effects are

far outweighed by the risk for prolonged

recovery caused by inability to drink or

mobilize postoperatively. No effect on

postoperative pain relief is achieved by

starting analgesic treatment before the

operation. Short-acting anxiolytics have

not shown prolonged recovery or length

of stay.

Medications causing long-term sedation

should be avoided. Short-acting

medications given to facilitate insertion

of epidural catheter are acceptable.

Table 1. Summary of measures for preoperative optimisation in major cancer surgery
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Antimicrobial

prophylaxis

Prophylactic antibiotics minimize

infectious complications in colorectal

surgery.

A single dose, 1 hour before skin

incision and further doses for

procedures lasting more than 3 hours.

Venous

Thromboembolism

(VTE) prophylaxis

Increased risk for thromboembolic

complications in certain high-risk patients

undergoing major abdominal surgery is

associated with prolonged hospitalization

and recovery.

Subcutaneous low-dose unfractionated

heparin or subcutaneous low molecular-

weight heparin. Awareness of need for

extended postoperative VTE

prophylaxis in high risk patients.

Intraoperative phase Rationale Recommendation

Standard anaesthetic

protocol utilising mid-

thoracic epidural.

Rational use of short-acting agents to

facilitate rapid recovery. Preoperative

commencement of mid-thoracic epidural

blocks stress hormone release and

attenuates postoperative insulin resistance.

Helps achieve analgesia with opioid

sparing effect, sympathetic blockade and

reduce gut paralysis.

Avoid long-acting opioids. Mid-

thoracic epidural commenced

preoperatively, containing local

anaesthetic in combination with a low-

dose opioid. Consider short-acting

inhalational anaesthesia as an

alternative to total intravenous

anaesthesia.

Laparoscopic/

Minimally invasive

surgery

Decreased inflammatory response, insulin

resistance, improved pulmonary function,

early return of bowel function,

mobilization, less pain, reduced incidence

of complications, readmissions, and length

of stay.

Laparoscopic-assisted colorectal

surgery is recommended in dedicated

specialist centres, with outcomes

comparable to open surgery.

Maintenance of

Normothermia

Reduced wound infections, cardiac

complications, bleeding, and transfusion

requirements.

Routine use of upper-body, forced-air

heating cover; prevention of

hypothermia by warm intravenous

fluids.

Optimise fluid

management

Sodium and fluid overload delays return of

gastrointestinal function, prolongs hospital

stay, increases side-effects and

complications.

Fluid restriction, avoiding hypovolemia,

sodium, and fluid overload. Goal-

directed fluid therapy in high-risk cases.

Selective use of drains Routine use of drains does not reduce the

incidence or severity of anastomotic leak.

No drains after routine colonic

resections above peritoneal reflections.

Short-term (less than24 hours) drainage

after low anterior resections.

Urinary drainage Increased risk for urinary tract infections

following prolonged use.

Early removal of catheters following

colonic surgery.
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Postoperative Pha se Rationale Re com me ndation

No routine use o f

nasogastric tube

Fa cilitates ea rlier re turn of bowe l function.

Not a sso ciated with inc re ase d risk for

complications or length of stay.

Na sogastric tube s should not b e used

routinely in the posto perative period.

Used in selected ca se s of posto perative

ileus . Ea rl y fluid and diet re-in troduc tio n.

Aggressive tre atment

of post op erative

nausea and

vomiting(PO NV)

Fa cilitates ea rly oral feed in g. Symptoms

re lated to postoperative ile us and opioids

can be mo re stressful tha n po stope ra tive

pain. (Female gender, non-smo kin g sta tus,

his tory of mo tio n sic kness or PONV, and

postope ra tive opioids c onfe r high risk of

PONV.)

Individuals at risk should receive,

prophylac tic ally o ne a nti -e me tic a gent

pe r risk fac tor to a maximu m of 3 age nt s

a t induction or at the end o f surgery.

Preventing

posto perative ile us

Surgica l s tress, opioids, bo we l hand ling,

and fluid overload predispose to ileus and

impa ire d gut func tion, leading to delayed

discha rge. Oral mag nesium oxide promotes

postope ra tive bowe l function.

M id-tho ra cic epidural a nalgesi a,

a voidance of fluid o verlo ad, and

lap arosco pic a ppro ach if lo cally

va lida ted is rec ommended. A lo w-dose

po stoperative laxative, such as

mag ne sium oxide, ma y also be

c onsidered.

Optimise post

operative analge sia.

Mid-Thora cic Epidural Analgesia re sults in

better pa in relief a nd ea rlie r return of bo wel

func tio n co mpa re d with Patient Controlled

Analgesia. Ineffe ctive pain c ontrol,

analgesia with oral or intravenous o piates,

lack of mobility, and loss of a ppetite

contrib ute s to the dela yed G I recove ry.

C ontinuous mid-thorac ic e pidural with

low-dose lo cal anaesthetic and opioid

c ombi na tions fo r approximately 48 ho urs

following elective colonic surge ry and

a pproxima te ly 72–9 6 hours after p elvic

surgery. Aceta mi no phen (pa ra cetamol)

for ba seline ana lge sia (4g/d), and

NSAIDS started follo wing removal of

e pidura l (multimod al a na lgesia). Urinary

c atheter d oes not ha ve to sta y for full

duration of epidural and should be

removed at earlies t.

Post operative

nutri tion.

Encourage oral diet a t will a fte r surgery.

Oral supp le ments (approx. 200mL,

e nergy de nse, 2-3 time s daily) from da y

of surgery un til normal intake . Continue

oral supple me nts fo r se veral w eeks for

nutritionally d epleted patients .

Early mobilisa tio n The care plan should include

mobilisa tion out of bed for 2 hours o n the

da y of surgery a nd eve ry 6 hours

therea fter.

Audit Systematic audits sho uld be performe d to

be nchmark pe rformance with comparab le

units .
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evolving area of perioperative medicine.
There is a significant body of evidence that CPET

testing can provide a safe, cost effective method of risk

stratification of these patients. Whether this will allow

determination of pre-optimisation and post operative

care pathways leading to improved patient outcomes

will become apparent as the results of more research

are published.on the best possible clinical and cost-

effective outcomes for the patient and the health

service concerned [6].
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