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Abstract: Enhanced recovery after surgery (ERAS) protocols aim to minimise physiological insult to a

patient undergoing a major operation. Evidence has mounted over recent years that adherence to ERAS

protocols improves short and long-term outcomes. This article will explore potential future developments in

the field of enhanced recovery. Approaches that increase the use of technology, promote patient involvement,

and change the way certain problems are thought of will be discussed. It will address pre-operative,

intraoperative and post-operative measures that could be applied in the future that may yield tangible

benefits for patients undergoing colorectal surgery.
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Introduction

When Eliud Kipchoge became the first man to run a
marathon distance in under 2 hours, a major milestone of
human achievement had been surpassed. Obtaining that
goal was not the work of one man’s obsessive training; a
complex interplay of talent, determination, expert advice,
novel technologies and precise attention to all details, no
matter how small, meant that the goal was possible: the
concept of ‘marginal gains’ or ‘one percent advantages’.

A park in Vienna was chosen to minimise the effect of
jetlag and to ensure perfect running weather. A roundabout
was dug up and re-laid to ensure an easy turn around. 41
pacemaker runners were rotated in such a formation as to
minimise wind resistance, devised using complex computer
programming. He ran wearing shoes with an embedded
carbon fibre plate (1).

Enhanced Recovery After Surgery (ERAS) can be seen
to have a similar philosophy. All criteria in protocols are
devised to minimize physiological insult to a patient,
returning them to functional normality as soon as possible.
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Since the widespread adoption of minimally invasive
surgery, not one element within the ERAS pathway can be
said to have accounted for the improvement in care and
outcomes for patients with colorectal disease. Rather it
is the complex interplay of all the individual components
aiming towards a common goal.

This article will address potential future advancements
that could be made for patients undergoing colorectal
surgery within an ERAS programme. Although many of
the innovations may not become commonplace, and in
isolation have minimal impact, it is probable that some
may be incorporated and contribute to the ‘marginal gains’
that cumulatively have such a profound impact for our
patients.

Pre-operative strategies
Prebabilitation

In the elective surgical oncology patient, there is often
a window of opportunity between the time of diagnosis
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Figure 1 Patient undergoing cardiopulmonary exercise testing
as part of a prehabilitation program. Image produced with the

patient’s permission.

and surgery. This period may range from a few weeks in
uncomplicated cases requiring primary surgery up to four
months in the case of rectal cancer patients who require
neoadjuvant therapy. It is during this period that there may
be a role for a targeted preoperative intervention, in the
form of ‘Prehabilitation’.

‘Prehabilitation’ describes an intervention aimed at
enhancing an individual’s functional capacity in anticipation
of a forthcoming physiological stressor (2).

Prehabilitation programmes have included supervised in-
hospital education programmes, at home non-supervised
programmes and psychological therapies. Many studies
have been published in the area across a broad range
of specialities. They have shown that prehabilitation in
the form of pre-operative exercise regimens can have a
positive impact on functional capacity and postoperative
morbidity (3). Supervised exercise prehabilitation
programmes have frequently demonstrated greater
functional benefits and reduced drop-out rates when
compared to self-administered interventions (2,4-6).

It has been difficult to strongly link prehabilitation to
common criteria used when assessing surgical outcomes, for
example length of stay and post-operative complications.
Studies have however reported improvements across various
physical and psychological parameters. A systematic review
assessing exercise regimens by O’Doherty er al. reported
on 10 studies, 4 of which were randomised controlled
trials (RCT), regarding patients awaiting major abdominal
surgery. Of these studies, seven used peak VO, as their
primary outcome and reported an improvement in this
parameter following prehabilitation (7). Boereboom and
colleagues reported eight studies (5 RCTs) comprising
518 patients. Five of these studies reported the ‘6 minute
walking distance’ as primary outcome with improvements of
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up to 42 metres (8).

Targeted psychological interventions have yielded
benefit. Anxiety and depression have shown to significantly
affect post-operative outcome, impacting length of stay,
functional capacity and infection rates. A systematic review
of psychological prehabilitation in cancer patients (including
breast, colorectal and prostate) showed improvement in
quality of life and depression scores in the immediate and
medium-term postoperative period, as well as distress
related to body image. Psychological interventions included
relaxation techniques, role play, coping strategies, problem-
solving exercises and stress management (9).

Data regarding more conventional surgical outcomes
is limited. Valkenet et #/. showed that pulmonary
complications were lower in those receiving inspiratory
muscle training prior to cardiac and abdominal aortic
aneurysm (AAA) surgery (10). Another review showed
reduced post-operative pain, length of stay and improved
physical function (11). Conflicting evidence does
exist, however, that shows negligible improvement
in physiological and functional parameters, and poor
adherence to prehabilitation programmes (12).

It has been demonstrated that exercise-based
prehabilitation programmes are safe, even in the context
of ongoing chemotherapy. A 2018 systematic review of 33
articles concluded that prehabilitation regimens are not
associated with an increased risk of adverse events (4).

Studies that directly address colorectal surgery are scarce.
In curative rectal cancer patients, West and colleagues
assigned 22 patients with locally advanced rectal cancer
to receive neoadjuvant chemoradiotherapy (NACRT) and
exercise, and 17 patients to NACRT alone. All subjects
underwent cardiopulmonary exercise testing (as shown in
Figure 1) at pre-determined intervals. The exercise group
observed a significant improvement in anaerobic threshold
compared with an unchanged control group between weeks
0 and 6. The control group suffered a sustained decline
in fitness from weeks three to 14. In addition, there was a
statistically significant difference in TNM tumour down-
staging at restaging MRI favouring the exercise group (13).
This paper was accompanied by an editorial entitled
‘Exercise: the new premed’ (14).

Prehabilitation does not exclusively target exercise.
Bordes er al. assessed a tri-modal prehabilitation
intervention in a randomised controlled trial in patients
undergoing colorectal resection (15). This consisted of
not only an exercise regimen but in addition nutrition
counselling and the provision of stress reducing strategies.
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Although functional walking capacity was improved in the
intervention group, there were no differences reported
in physical activity, quality of life, 30-day complications,
anxiety or depression.

While it has been shown that exercise and psychological
coaching programmes during chemotherapy treatment are
safe and feasible, and that certain elements of functional
capacity can be improved, the evidence for prehabilitation
is in its nascency, with mainly observational studies of low
sample size. Studies are heterogeneous, with different
interventions being trialled and little standardisation. This
makes it difficult to recommend prehabilitation at present.
Randomised trials are currently underway which should
shed more light on the subject in the coming years.

Identifying and targeting sarcopenia

Sarcopenia is defined by the European Working Group
for Sarcopenia (EWGSOP) as ‘a syndrome characterised
by progressive and generalised loss of skeletal muscle
mass and strength with a risk of adverse outcomes such as
physical disability, poor quality of life and death’ (16). A vast
amount of research has refined definitions, identification,
prevention, and consequences of sarcopenia over the past
decade (17). The primary diagnostic change from 2010 to
2018 was that muscle strength rather than muscle volume
or even physical function came to the forefront as the best
predictor of poor outcome.

Before any physical testing is performed, patients must
be identified, either from self-referral [frailty, feeling weak,
falls] or via the 5-question screening tool SARC-F. These
questions evaluate Strength, Assistance in walking, ability
to Rise from a chair, Climb stairs, and any Falls in the past
year (18).

Measuring muscle strength is the core diagnostic element
of sarcopenia and is recommended to be performed using
a hand dynamometer. Handgrip strength is a powerful
predictor of poor patient outcomes such as long length of
hospital stay, infectious complications, chemotoxicity, and
death (19). It is a cheap and readily available test (20).

Measuring muscle mass is more difficult and a gold
standard technique less easy to recommend. The current
‘gold standard’ from EWGSOP is to use MRI or CT
scanning to take cross sectional measurements of muscle
volume using specialist software. The negatives of these two
methods are the lack of portability, radiation dose in the
case of CT, and cost.

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

Page 3 of 17

Encouragingly, cross sectional analysis of CT in cancer
patients, readily available as part of staging algorithms,
has shown to be a strong predictor of disease-free survival
and overall complication rates. ‘Body composition’ shows
the most promise in predicting outcomes, with multiple
studies showing sarcopenia patients have significantly
poorer survival (21), longer lengths of hospital stay,
higher 30 day morbidity and mortality (22) and increased
chemotoxicity (23). A separate UK study of colorectal
cancer patients showed an overall complication rate five
times greater in the presence of sarcopenia (24).

Measurement of physical performance has several
validated options, including gait speed, the short physical
battery test, timed up and go test, and 400 m walk. For
practical reasons of space and time, the EWGSOP
recommend the 4-metre gait speed analysis (25,26). A
2018 study of cardiac surgery patients showed a two-fold
increased risk of mortality for patients with slower walking
speeds (27).

There are subcategories: primary and secondary
sarcopenia, acute or chronic sarcopenia, and sarcopenic
obesity (Figure 2). With regards to colorectal cancer the
highest risk patients are the sarcopenic obese. This can be
defined by BMI criteria or by excessive visceral fat on body
composition analysis (28). A systematic review in 2015
showed reduced disease free and overall survival in the
sarcopenic obese (22).

A logical target intervention therefore are exercise
programs to reduce adiposity, irrespective of any muscle
mass gained from the exercise. Even short interventions
have demonstrated benefit. A 2017 Cochrane review of
preoperative exercise showed benefits after only one week,
reducing length of stay and pulmonary complications in
lung cancer patients (29).

An international consensus has summarised the evidence
for interventions following diagnosis. The evidence
is however poor, comprising of two RCTs which did
not use gold-standard measures (30). Thus far protein
supplementation and resistance exercise regimens for adults
with sarcopenia are the sole recommendations.

The prediction and modification of risk factors are
key goals in ERAS. Sarcopenia is now established with an
ICD-10 code. There are multiple ongoing studies that aim
to attenuate the effects of sarcopenia which incorporate
prehabilitation and nutritional supplementation. Until
further evidence emerges, pre-operative identification of
potentially sarcopenic patients is strongly recommended.
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Figure 2 Normal CT scan, sarcopenia, sarcopenic obese. Red indicates skeletal muscle, green indicates subcutaneous fat, yellow indicates

visceral fat. All patient data is anonymised.

Mechanical bowel preparation (MBP) and antibiotics

The use of MBP continues to divide opinion.

It has been known that systemic antibiotics reduce
surgical site infections (SSI) since the 1970s. They are
therefore routinely given at induction.

It has been contested however that luminal organisms are
unaffected by intravenous antibiotics, and that additional
oral antibiotics are necessary. It has further been argued
that reducing luminal contents with mechanical bowel
preparation would reduce bacterial load further. Some
colorectal specialists therefore assert that a combination of
all 3 approaches would yield the best results.

Mechanical bowel preparation has potentially negative
consequences, particularly in terms of electrolyte
disturbance. This is compounded in the frail. MBP is also
unquestionably unpleasant (18,19). Concerns regarding
antibiotic stewardship are also valid in an age of increasing
microbial resistance and nosocomial infection (31-33).

The first recommendation that can be made is that MBP
alone (without synchronous oral antibiotics) is of no benefit.
This is borne out by several meta-analyses assessing RCTs
that compare MBP with no MBP, or a solitary rectal enema.
When observational studies are assessed, a small benefit can
be seen in term of surgical site infection for the use of MBP
alone (34-37).

Some papers demonstrate that any benefit to MBP
versus no MBP is negated when compared to the use of a
rectal enema. A rectal enema carries few, if any of the risks
of MBP. The use of a rectal enema in the context of rectal
surgery is therefore potentially an interesting area of future
study.

The second recommendation that can be made concerns
the use of combined antibiotics—systemic therapy given at
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induction and an oral course perioperatively—with MBP.
This has again been subject to rigorous meta-analyses that
have compared the combined antibiotic approach with
solely systemic antibiotics.

Meta-analyses of RCTs only show that superficial SSI
are reduced with the tri-modal approach, with no difference
in other complications (28,38-40). One metanalysis of
observational studies found significantly reduced rates of
anastomotic leak, post-operative ileus, readmission and
mortality (40). This question has been tackled by a large
number of observational studies in the United States, with
similar conclusions (41-43). Anastomotic leaks were also
seen significantly less often in a recent Europe-wide audit
by the ESCP (44).

The evidence therefore seems to converge on the idea
is that if MBP is to be used, a combined antibiotic regimen
should be employed.

What has not been answered however, is whether the
causative factor in this reduction in complications are
antibiotics, MBP, or their combination; namely, what is the
effect of combined antibiotics in the absence of MBP?

At present no RCTs have addressed this issue. Two
large retrospective database studies from the United States
found opposite conclusions (45,46). Evidence regarding this
question is limited. As highlighted in a recent Cochrane
review, ‘it is not known whether oral antibiotics would still
be effective when the colon is not empty’ (47).

Obtaining high level evidence is challenging. SSI and
other commonly reported complication rates are relatively
low and reducing (48). RCTs therefore require large
numbers of patients to avoid being underpowered. Large
scale observational or retrospective database studies are a
realistic alternative, but these methodologies are known to
have significant limitations.
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Although work is currently in progress to answer
outstanding issues surrounding MBP and antibiotics, it is an
area of study that may require a novel approach to arrive at
a consensus.

The microbiome and ERAS

A possible paradigm shift within colorectal surgery is the
idea that anastomotic dehiscence is less affected by, for
example, ischaemia, but rather by microbial pathogenesis,
or the ‘microbiome’ of the colonic environment.

In a murine model, Shogan ez /. found that topical
application of antibiotics that acted on collagenase
producing Enterococcus faecalis, pseudomonas species
and the mucin degrading Ruminococci family inhibited
anastomotic leak (49). The INTACT study that is currently
in progress attempts to address the question of the
microbiome as a secondary outcome (50). Work in this field
may answer whether the important variable in anastomotic
leakage is the mode of administration of antibiotics, rather
than the utilisation of MBP.

Recent work has identified that the microbiome is
involved in virtually all immune-mediated activation of
intestinal inflammation (51). There is a growing body of
evidence that the microbiome-host relationship may play
an important role in healing and return to function (52-54).
Murine studies have shown that subjects treated with
antibiotics exhibit lower rates of Post-operative ileus (55).

In human studies, recent meta-analyses showed that pre-
operative enteral antibiotics were associated with a reduction
in POIL. Some authors have concluded therefore that the
microbiome plays an integral role in the pathogenesis of
ileus. Ileus continues to be the overwhelming reason for
longer than expected stays in hospital after elective colonic
resection, and will be discussed further later in the article
(40,56,57).

The exact mechanism explaining this is unclear. Possible
explanations include effects upon gut wall permeability,
alterations in the amount of Short Chain Fatty Acids
produced by resident species and microbial metabolites
stimulating serotonin release (58).

Novel techniques are being developed, including
sequencing technologies and spectroscopic methods that
allow rapid analysis of the microenvironment and complex
host-microbe interactions that take place in the human gut
for the first time. This may provide insight into potential
new diagnostic and treatment pathways for common post-
operative complications, which may at least in-part be
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influenced by a patient’s microbiome (57).

Operative strategies and anaesthesia
Minimally invasive surgery (MIS)

MIS is integral to ERAS protocols. Access trauma and
the resulting stress response is greatly attenuated. Post-
operative pain and therefore requirement for opiate
analgesia is significantly reduced. MIS also reduces
complications such as ileus, blood loss, pulmonary and
wound infections, and has a significant impact on post-
operative mobility. Laparoscopic surgery is now the
accepted standard of care in colorectal surgery.

Different techniques for MIS have continued to develop
that aim to facilitate removal of rectal tumours. This is
particularly difficult in patients of large habitus, males, and
those who have undergone radiotherapy. It is hoped that
these techniques can reduce conversion rates and may have
learning curves that are less steep for the trainee surgeon.
Some techniques are purported to increase manual dexterity
and precision, thereby possibly improving oncological
outcomes and reducing complications.

Robotic surgery adoption has increased since the turn of
the millennium (19). Early reviews in the United States—
with many cases performed in low-volume centres—
revealed higher complication rates, longer hospital stays,
significantly increased costs, and poorer oncological
outcomes (20). Recent reviews have been more favourable.

Regarding surgery above the pelvic brim, it has been
suggested that robotic surgery results in potentially smaller
incisions, reduced incisional hernias, and higher lymph
node yields. A meta-analysis of 7 studies in 2017, one of
which was randomized, demonstrated equivalent length
of stay and marginally lower blood loss. Negatively, there
were elevated costs and a significantly longer operating
time despite not including theatre set up (21). Further trials
continue to forge ahead but presently no superiority has
been demonstrated over laparoscopic methods.

The case for robotics in rectal cancer surgery is stronger:
the technical difficulty of operating in a narrow pelvis
is challenging, and the oncological significance of total
mesorectal excision whilst minimizing collateral damage of
paramount importance.

A 2018 review assessed 14 retrospective and case-matched
studies including more than 22,000 cases of robotic rectal
surgery. Robotic surgery yielded lower conversion rates,
subjectively improved TME specimen quality, fewer positive
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circumferential margins, and shorter lengths of stay (22).
There was no benefit in disease-free or overall survival.
ROLARR, a multi-centre randomized study comparing
laparoscopic and robotic surgery reported in 2017: It
concluded no advantage from robotic surgery (23).

The role of robotics in rectal cancer therefore
remains controversial. No high-quality evidence exists to
substantiate widespread adoption. It does not seem to offer
significant benefits to the rectal cancer patient over standard
laparoscopic surgery (24).

There are many proponents of the transanal approach,
commonly known as “TATME’ (Transanal Total Mesorectal
Excision). Several systematic reviews reveal no difference
in specimen quality or anastomotic leak rates compared to
laparoscopic and open surgery (25-28). A large prospective
registry of cases has revealed anastomotic failure rates and
specimen quality not dissimilar to databases of standard
laparoscopy (29). A randomized trial for the trans-anal
approach (COLOR III) has been initiated (30).

Currently, there is no evidence that the approach
contributes to better recovery after surgery. Of significant
concern is a recently published moratorium on TATME
from Norway—where one hospital reported an unexpected
and rapid pattern of recurrence in nearly 10% of patients—
more than double what is expected. TATME has currently
been halted in Norway until the end of the follow up
period (59).

There is little evidence for superiority of one minimally
invasive surgical approach over another. In the context of
ERAS, the important element appears to be the avoidance
of open surgery rather than the modality of minimally
invasive technique. The adoption of novel surgical
techniques can be problematic and should be encouraged
only after rigorous scrutiny of performance and outcomes.

Potential future developments in anaestbesia

Until relatively recently, the delivery of anaesthesia was
formulaic with anaesthetic agents delivered using simple
algorithms based on weight or age. The concept of
individualised care developed in the 1980s, and a ‘bespoke
anaesthetic’ continues to be a major aim of modern
anaesthesia (60).

Although not universally practised, and with
heterogeneity in delivery, modern goal directed fluid
therapy (GDFT) can be seen as an example of individualised
care improving patient outcomes (60). Cardiac output
monitoring has changed the emphasis from therapy guided
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by pressure (for example central venous pressure) to therapy
guided by flow. This has allowed fluid administration
to be more precise (61), avoiding the problems of both
hypovolaemia and fluid overload. Both ultimately impair
tissue oxygenation at the site of bowel anastomosis and
elsewhere in the body. Huge variations have been described
in fluid administration, ranging from 0.7-5.4 L of fluid for
a patient weighing 75 kg undergoing a 4-hour procedure
with minimal blood loss: the major determinant was the
anaesthesia provider (62,63).

Hegemony however frequently changes particularly as
other interventions may have an impact on one variable—
for example Goal Directed Fluid Therapy. In their meta-
analyses of 23 studies, Rollins ez /. found that GDFT
had significant benefits when patients were not managed
on an ERAS pathway in terms of overall morbidity and
length of hospital stay. When on an ERAS pathway,
the difference between GDFT and non-GDFT were
minimal (64). The authors suggested that this may have
been due to better implementation of ERAS pathways over
time, and that interpretation of GDFT has adapted: Earlier
studies administered significantly more fluid. It serves as a
reminder of how the idea of best practice constantly changes
with other technical and technological improvements.

Benefits have also been seen using thromboelastometry
and thromboelastography when transfusing blood acutely to
deliver a normal coagulation profile (65).

Neuromuscular blockade

Neuromuscular blocking drugs were hailed as a major
advance, yet their misuse carries significant risk, including
accidental awareness under anaesthesia, inadequate
reversal leading to hypoxia, hypercarbia and an increase in
postoperative pulmonary complications (66). Formulaic
approaches to drug administration potentially magnify
these risks. Quantitative neuromuscular monitoring and the
appropriate use of anticholinesterases or sugammadex to
confirm adequate reversal from neuromuscular blockade is
required (67).

The widespread adoption of laparoscopic surgery has
stimulated interest in deep neuromuscular blockade, usually
defined as a train-of four count of zero and a posttetanic
count of 1-3. It is theorised that increasing depth of block
may reduce required pressures for pneumoperitoneum,
potentially preserving intraoperative cardiac output and
organ perfusion and reducing post-operative morbidity
and analgesic requirements. At the time of writing, no
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published papers have demonstrated a clear benefit in
terms of reduction of peritoneal insufflation pressures nor
improvement in outcomes (68).

Depth of anaestbesia

The advent of processed electroencephalographic
(pEEG) monitoring such as the Bispectral Index
monitor (BIS) has permitted the monitoring of depth of
anaesthesia (69). This has allowed drugs to be better
titrated, which has shown a reduction in post-operative
delirium and cognitive dysfunction at 3 months in elderly
patients due to a reduction in anaesthetic dosage (70). It is
used with increasing frequency, and is recommended for
monitoring depth of anaesthesia in patients undergoing
totally intravenous anaesthesia (TTVA) with neuromuscular
blockade (67).

This may reduce inadequate or excessive anaesthetic
dosage, but it remains to be seen whether BIS monitoring
is sufficient or whether interpretation of the formal EEG
is necessary. This would however require the learning of
a technically difficult skill (71). The triple low—low mean
arterial pressure, low BIS readings and low minimum
alveolar concentration of volatile anaesthetic—has been
shown to be associated with increased mortality, however
these findings may not be causal and are the subject of some
controversy (72,73). It may be that low BIS values may
reflect patient frailty and anaesthetic hypersensitivity rather
than misuse of anaesthetic agents but tailored anaesthetic
depth and appropriate monitoring seem a worthy goal to
strive for.

Mechanical ventilation

Many studies identify that lung-protective ventilation
[low tidal volume with Positive End Expiratory Pressure
(PEEP)], as used on intensive care, may reduce post-
operative complications (74,75). Zhou et al. found
improved lung function post operatively in open abdominal
surgery patients but had no effect on overall length of
stay. Whether or not this approach can reduce post-
operative pulmonary complications in laparoscopic
abdominal surgery is the subject of ongoing work (76),
but individualised ventilation strategies have been
recommended based on low tidal volumes and PEEP by an
international consensus of experts (77).

A more tailored strategy has been described: Plotting
a dynamic compliance volume curve that allows for the
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assessment of intra-tidal compliance, allowing for 3 basic
profiles: recruitment/derecruitment; constant respiratory
system mechanics; and overdistension. This allows the
titration of an optimum level of PEEP for each patient
potentially reducing pulmonary injury and dysfunction.
This may be helpful when operative strategy changes, for
example when converting to an open procedure (78).

Opioid free anaesthesia

Opioids form the mainstay of intra-operative analgesia.
Whilst classical side effects can be problematic such as
nausea, vomiting, cough suppression, and delayed return to
gut function (79), they may also negatively impact the gut
microbiome in terms of opioid induced bowel disorders (80).
Other issues with opioids include opioid tolerance and
opioid induced hyperalgesia. Finally, the ‘opioid epidemic’
in the United States and similar patterns of dependence
now emerging in the UK has highlighted the need for a
different approach in terms of intraoperative anaesthesia.
Surgical patients are the second most likely to be prescribed
opioids after chronic pain patients, with a significant
number becoming chronic opioid users (81).

‘Opioid free anaesthesia’ is an area of research that
has gained much traction in recent years (82). A recent
metanalysis of 23 RCTs showed that patients undergoing
anaesthesia with intraoperative opioids as opposed to
those without had similar levels of post-operative pain
and increased post-operative nausea and vomiting (83).
Opioid free anaesthesia may also benefit long term survival:
potential effects of opioids on cancer recurrence have been
postulated, as they may can have a dose-dependent effect
on NK cell cytotoxicity and proinflammatory cytokine
production (84).

Strategies for the avoidance of opioids include effective
multi-modal analgesia, which include local anaesthetics,
N-methyl-D-aspartate antagonists, paracetamol, NSAIDs
and gabapentioids (85). It has been argued that multi-modal
analgesia should be utilised in the post-operative period and
be incorporated into enhanced recovery protocols (82).

Targeting nociception while under general anaesthesia is
a novel approach to reducing opioid use. Previous methods
of assessing nociception assessed autonomic responses such
as sweating and could be considered crude. More recent
methods include videopupillometry monitoring and the
surgical plesythmographic index.

Most recent evidence points to the Analgesia
Nociception Index (ANI) which utilises heart rate variability
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to assess pain. Analysis of high frequency components
of the ECG allows assessment of the parasympathetic/
sympathetic balance. High scores indicate a parasympathetic
predominance and thus less nociception. This may allow
anaesthetists to assess the quality of regional anaesthesia
and to predict post-operative analgesic requirements (86).

Regional anaestbesia

ERAS society guidelines do not currently recommend
epidural anaesthesia (EA) for laparoscopic colorectal
surgery (87). Although it remains the gold standard for open
procedures, EA has not shown the same analgesic benefits
with minimally invasive approaches and may negatively
impact on length of stay (88,89).

Spinal anaesthesia with low dose opioids for minimally
invasive colorectal surgery is currently recommended by
the ERAS society. It has demonstrated earlier return to
mobility, lower post-operative opioid requirements and
comparable analgesic effect (87,89,90).

Although yielding benefits such as improved post-
operative pain, translation of these into long term outcomes
is unclear, and are as yet unproven (91).

Anaestbetic type and long-term survival

Much research exists that potentially implicates certain
types of anaesthesia in cancer recurrence. Volatile
anaesthetic agents are used for most procedures carried out
under general anaesthetic. TIVA, commonly administered
using propofol and remifentanil, is the main alternative.
Volatile anaesthesia has been demonstrated to be associated
with negative effects on the function of natural killer cells
and up-regulation of hypoxia-inducible factors, leading to
the suggestion that volatile anaesthesia may promote cancer
regrowth (92,93).

In a retrospective analysis of over 6,000 patients,
with a near 50/50 split between volatile and intravenous
anaesthesia, Wigmore et 4/. found a hazard ratio of
1.46 for mortality in patients submitted to a volatile
anaesthetic. There was a more profound difference seen in
gastrointestinal patients (94). Conflicting evidence exists
in patients undergoing breast surgery, including one well
designed randomised trial, concluding no difference (95,96).
Given the uncertainty regarding the currently available
findings and potentially huge impact, more prospective
trials are urgently required.
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Post-operative measures, recovery and follow up
Implementation of ERAS

Adherence to ERAS protocols varies widely. This is despite
evidence that links increased compliance to ERAS protocols
with lower complication rates as described by the ERAS
compliance group and published in the Annals of Surgery
in 2015. The group found that laparoscopic surgery,
perioperative carbohydrate and fluid loading, and totally
intravenous anaesthesia were associated with superior
outcomes. Compliance rates ranged from 71% to 92% (97).
Anecdotal evidence would suggest however, that adherence
to ERAS principles would vary much greater than those
figures.

Many components of protocols are part of long-
established routine practice independent from ERAS, for
example the use of MIS and prophylactic antibiotics. They
are therefore easier to incorporate. More contentious
facets of ERAS, for example the early removal of catheters,
avoidance of opioids and in particular, the omission of bowel
preparation have proved more difficult to implement (98).

Given that some features of ERAS are contentious
and may not be appropriate for all patients, it is perhaps
encouraging that it has been shown that all components
of the protocol do not need to be adhered to achieve good
results; protocols with more criteria do not necessarily
result in better outcomes (99,100).

Adherence to ERAS protocols may improve long term
survival. In their retrospective analysis, Gustafsson et al.
compared nearly 1000 patients who had major surgery.
In those who were treated on an ERAS protocol with
compliance rates of over 70 percent, the risk of cancer
specific death at 5 years was lowered by 42%. The authors
suggest that better adherence to the protocol reduces
surgical stress and therefore impacts long term survival (101).
The incidence of post-operative complications has shown to
be a critical factor in long term survival: it would be logical
to assume that greater adherence to ERAS criteria and
principles and the resulting reduction in surgical stress would
benefit this in turn (102).

Although retrospective, it would appear the evidence
regarding the benefits of adherence to ERAS protocols is
strong. Prospective studies would add to this literature,
and more importantly update it. As discussed elsewhere
in this article, implementation and application of ERAS
has changed over the last 2 decades, particularly in terms
of surgical technique, and quantifying the impact of that
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change is important.

Modern technology, such as an application developed
for smartphones, may make adherence to protocols easier
and improve patient engagement. This forms the basis of an
ongoing study (103).

Ileus

Post-operative ileus (POI) occurs in approximately 10-
30% of patients (104-111). It is associated with significant
morbidity, increased hospital length of stay and costs
(107,112). POI may result from complications of surgery
and can act as an early indicator of serious unidentified
pathology, including anastomotic leak (108,113,114). The
financial burden attributed to POI has been estimated to be
between $750 million and >$1.3 billion per annum in the
United States (112,115).

ERAS protocols aim to reduce the time to recovery of
gastrointestinal (GI) function after colorectal surgery to an
average of 1-2 days. As a result, POI is the focus of several
items in ERAS protocols. Minimally invasive surgery,
stringent fluid management, immediate resumption of
oral fluids and diet, the avoidance of nasogastric tubes and
sparing use of opiates have shown to reduce POI (116,117).
Despite significant improvements, ileus remains the
complication associated with the largest increase in length
of hospital stay (118).

While it is widely accepted that POI exists as a clinical
entity, some bowel dysmotility is considered a ‘normal’
physiological response following abdominal surgery
and there is ambiguity defining exactly when it could be
classified as ‘abnormal’.

There is now some consensus that POI occurs in
two distinct phases; an early ‘neurogenic phase’ which
is considered short-lived (<3 h), followed by a period of
relative recovery, before a second longer lasting (>24 h)
‘inflammatory phase’ (119). The contributing factors to both
initiation and resolution of the response and the implicated
molecular pathways have yet to be fully explained.

One of the major hurdles in accurately defining POI is
that the diagnosis relies upon clinical signs and symptoms.
A lack of clarity in defining and recognising POI may have
undermined previous research attempts and clinical trials.
In a clinical context this results in delayed recognition and
timely management (106).

There is a need for research and consensus to define
what constitutes POI and how to best to identify it. Work
is currently being conducted to develop non-invasive
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biosensor technologies and diagnostic biomarkers to
determine their clinical utility in both the prediction and
diagnosis of POI (120,121).

The use of mechanical bowel prep and pre-operative
oral antibiotics to reduce the risk of POI is advocated
by the American Society for Enhanced Recovery and
Perioperative Quality Initiative. This guideline is based on
retrospective analyses of two large US databases. These
found a reduced rate of Ileus when MBP and OAB were
used (42,122). These findings have not yet been reproduced
in a prospective cohort and are not supported by the ERAS
Society who advise against MBP as detailed in another
section of this article (116).

Alvimopan (a peripheral p-receptor antagonist) has
been recommended in US and ERAS society guidelines,
but the potential benefit is currently unclear. This drug is
only available in the US and subject to strict FDA license
arrangements, with a maximum of 15 dosages per patient.
Concerns have also been cited regarding the cost of the
medication, with each dose costing $65USD (116,119,123).

Other preventative strategies that have been tried include
the use of coffee, chewing gum and oral magnesium. They
have only weak evidence supporting their use, and their
clinical utility is not yet established (116,123).

While improvements have been seen with regards to
Ileus, return to GI function often remains unpredictable,

and is possibly the biggest challenge still facing ERAS.

Early temporary stoma reversal

Temporary diverting ileostomies are commonplace and
utilised to minimise consequences of an anastomotic leak.
They are often created as part of an anterior or low anterior
resection for rectal cancer in patients deemed at high
risk of leak — elderly or comorbid patients for example.
Morbidity after temporary stoma formation however can be
considerable and can have a significant psychological and
social impact.

Leakage, electrolyte disturbances and skin damage are
common. Stomal obstruction can be particularly hazardous
(124,125). Temporary ileostomies are typically reversed
6-12 months following the initial resection. The comorbid,
patients undergoing chemotherapy, and those with more
advanced cancer are more likely to have a greater delay to
reversal, if they undergo the procedure at all (124).

To combat this morbidity, performing early reversal
of temporary ileostomy—within 14 days of the initial
procedure—is being investigated. The EASY trial, a
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prospective multi-centre RCT' comparing early versus late
closure following total mesorectal excision was published
in 2017 and included 127 patients. Patients were excluded
if leakage was suspected and for ‘other medical reasons’
for example steroid treatment or diabetes. Less than 10%
of patients underwent radiotherapy. The mean number
of complications was lower in the early reversal group,
and the study concluded that early reversal was feasible
and safe—albeit in selected patients (126). Another study
in selected patients—including resections for benign
disease—yielded similar conclusions, including lower
operating time for early reversal (127). A 2015 systematic
review assessed 4 studies, but only 2 were prospective with
one RCT. The review reported lower complication rates
in those undergoing early reversal. The authors advocated
more studies in the area (128).

Within the context of ERAS, early reversal may
potentially reduce stoma related complications. Given
the selected nature of patients studied to date however, it
could be argued that a temporary stoma may not have been
necessary in the first instance. Perhaps the most important
question is the accurate identification of patients requiring
a defunctioning procedure, rather than the timeframe for
reversal.

Patient reported outcome measures

Outcomes from cancer surgery have historically focussed on
recurrence and hospital indicators such as length of stay and
30-day mortality. Improvements in care mean that quality
of life and functional assessments are gaining prominence in
gauging recovery.

Colorectal cancer survivors suffer many problems
affecting their quality of life, ranging from psychological
distress and fatigue, to urological, bowel and sexual
dysfunction (129). There has thus been rebalancing of
follow up programmes to assess quality of life (QOL)
more formally, and incorporate patient reported outcomes
(PROMS).

There are many potential benefits. Patients may be
able to identify and obtain what support they require
more quickly. Widespread reporting of PROMS would
also enable pre-and post-operative counselling to better
target functional and psychological recovery. Furthermore,
evidence is emerging that PROMS improve survival
in cancer patients (130). NICE has recommended that
PROMS be a focus in future clinical trials regarding
colorectal cancer (131).
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Until recently, no consensus existed with regards to
assessing QOL in colorectal cancer, particularly with
regards to PROMS. The heterogeneity between tools
is significant, and a wide variety are used: Mcnair et al.
reported no fewer than 53 different PROMs measures from
104 different papers (132). Significant efforts have been
made however towards an international consensus regarding
a comprehensive tool to assess PROMS in recent years (133).

Within an ERAS context, research has been limited, with
inconclusive results. One paper utilising PROMS suggested
reduced fatigue in ERAS patients (134), but drawing
meaningful conclusions at this time is impossible. PROMS
could potentially add another dimension to assessing the
impact of ERAS on a patient’s recovery.

Ultimately, the goal of care in elective colorectal surgery
will move to ‘restoration of function’. This will require
collaboration of peri-operative physicians, anaesthetists,
surgeons, specialist nurses, and in no small measure,
patients, in its assessment and delivery (135).

Smart phones, apps and accelerometers

Monitoring patient recovery post operatively has been
limited to outpatient clinics and telephone-led follow up.
The advent of wearable sensors and application-based
technology usable with smartphones have the ability to
transform follow-up programmes and rapidly increase usage
of PROMs.

Accelerometer or podometer based mobility trackers
are cheap and readily available. A study looking at elderly
cardiac surgery patients found that they could be used
reliably to assess mobility post operatively, and increased
mobility in the immediate post-operative period correlated
with a reduced length of stay (136). A more recent study in
colorectal surgery patients showed that accelerometer based
devices were accurate, and compared well with observed
podometry (137).

Feedback provided by sensor technology has shown to
be associated with increased short-term activity levels in the
well (138). A 2018 systematic review of 36 papers assessing
cardiometabolic conditions demonstrated similarly increased
activity in the short term but only in the context of a
supervised follow up programme. The paper highlighted
limited data for long term improvements (139). A recently
published study in the Annals of surgery demonstrated that
in patients with peripheral vascular disease, wearable sensor
technology significantly improved walking distance in
patients with intermittent claudication when compared to
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supervised exercise programmes in isolation (140).

There is a potential for such advancements to make an
impact in recovery from colorectal surgery: A smartphone
application has been created by a colorectal surgery team for
patients in Wales that explains the diagnosis, care pathway,
and the benefits and components of ERAS (141). A sensor-
based application has also been developed for patients
with ostomies following colorectal procedures that reports
on stoma output and the fullness of the bag. It has been
intended for use both in the hospital ward and at home.
It may prevent unpleasant leakage of stoma bag contents,
and alert medical personnel and patients to impending
dehydration before the development of irreversible kidney
injury (142).

ERAS and the emergency patient

ERAS has shifted paradigms for what is now perceived as
the standard of care in elective colorectal surgery. This level
of improvement has not been seen in emergency patients,
who most commonly present with a visceral perforation
or obstruction. They represent a heterogenous group and
range from having mild physiological derangements to
being severely obtunded.

Although care has modernised, for example with the
National Emergency Laparotomy Audit (143), many
areas remain where advances can be made, particularly in
terms of peri-operative pathophysiology. There have been
calls to develop an ERAS style pathway with regards to
emergency surgery, which could incorporate such criteria as
goal directed treatment, higher level care triage, seniority
of care providers, nutritional strategies and modalities for
minimally invasive surgery (144).

Conclusions

In the future, new technology may conceivably enable
more patients to have shorter hospital stays, avoid bowel
preparation, and to be able to report problems and be
monitored by smartphone applications without attending
hospital. They may avoid opiates all together and have
insignificant post-operative pain due to small incisions,
quick but safe operations, and an anaesthetic tailored for
them.

High risk, frail patients could be identified and made
to feel stronger with the help of exercise programmes and
dietary help. Fewer patients would need diverting stomas,
and for potentially less time. A patient at risk of ileus may
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avoid it, having undergone a simple pathology test before
and a few doses of tablet antibiotic.

The combination of these ‘marginal gains’ may have a
profound effect on patients with colorectal disease in the
future. No one measure discussed in this article amounts to
a drastic shift from longstanding ERAS practice. Conversely,
they do represent potential incremental improvements, and
therefore embody a continuation of the ERAS philosophy.
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