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Abstract
Since the concept of enhanced recovery after surgery 
(ERAS) was introduced in the late 1990s the idea of 
implementing specific interventions throughout the peri-

operative period to improve patient recovery has been 
proven to be beneficial. Minimally invasive surgery is 
an integral component to ERAS and has dramatically 
improved post-operative outcomes. ERAS can be 
applicable to all surgical specialties with the core generic 
principles used together with added specialty specific 
interventions to allow for a comprehensive protocol, 
leading to improved clinical outcomes. Diffusion of ERAS 
into mainstream practice has been hindered due to 
minimal evidence to support individual facets and lack 
of method for monitoring and encouraging compliance. 
No single outcome measure fully captures recovery after 
surgery, rather multiple measures are necessary at each 
stage. More recently the pre-operative period has been 
the target of a number of strategies to improve clinical 
outcomes, described as prehabilitation. Innovation 
of technology in the surgical setting is also providing 
opportunities to overcome the challenges within ERAS, 
e.g. , the use of wearable activity monitors to record 
information and provide feedback and motivation to 
patients peri-operatively. Both modernising ERAS and 
providing evidence for key strategies across specialties 
will ultimately lead to better, more reliable patient 
outcomes. 
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Core tip: Enhanced recovery after surgery (ERAS) 
together with laparoscopic surgery improves clinical 
outcomes in patients post-operatively. Prehabilitation 
is gaining evidence as a further method of enhancing 
post-operative recovery. Pre-operative programmes 
to improve physical function have been used and we 
review this early literature as well as some current 
issues within ERAS. Technology, which is already in 
use in the peri-operative period for interventions and 
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monitoring could be used to further complement ERAS. 
Small, non-invasive devices which can monitor activity 
levels could help monitor compliance and post-operative 
patient activity levels as well as act as an intervention 
to encourage patients to increase their physical activity 
and thereby their post-operative outcomes. 
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INTRODUCTION
The concept of enhanced recovery after surgery (ERAS) 
was initially proposed by Kehlet[1] who explored the 
possible determinants of post-operative morbidity in 
the late 1990s. He identified potential risk factors that 
needed to be recognised and treated peri-operatively 
to minimise the effects of surgical stress on the patient. 
He also championed the idea of working within a multi­
disciplinary framework. Together these have led to a 
series of interventions which have been formulated into 
standardised protocols to span a patient’s entire journey 
through the surgical process with distinct elements in 
the pre-operative, intra-operative and post-operative 
phase (Table 1).

Colorectal surgery was the first specialty to imple­
ment ERAS in the early 2000s. Early studies proved 
feasibility and demonstrated that patients benefited 
from shorter length of hospital stay and reduced post-
operative ileus and cardiopulmonary complications, 
compared with standard care[2-4]. ERAS has also 
been shown to be feasible and safe in the emergency 
colorectal setting, leading to shorter length of stay and 
faster recovery of bowel function[5].

A 2012 consensus review of ERAS guidelines for 
colonic surgery examined the evidence base for each 
ERAS intervention and provided graded recommenda
tions[6]. Though given strong recommendation grading, 
not all the interventions have high levels of evidence for 
their efficacy (Table 2).

Minimally invasive surgery is one element that 
has been strongly recommended with a high level 
of evidence for oncological outcomes and moderate 
evidence in terms of patient recovery.

ERAS and laparoscopic surgery
Minimally invasive surgery has been shown to reduce 
post-operative pain, length of hospital stay and com
plications[7-9]. Recent studies have examined the use of 
laparoscopic techniques within an enhanced recovery 
programme. For example, the LAFA-study[10] showed 
that laparoscopic surgery, as part of an enhanced 
recovery programme, significantly shortened length 
of hospital stay compared with open surgery. Other 

outcomes including morbidity, readmission rates and 
quality of life were similar between the groups. The 
EnROL Trial[11] found a statistically significant difference 
between length of hospital stay and 30 d readmissions 
favouring the laparoscopic group compared with the 
open surgery group, but no differences between groups 
for physical fatigue or other secondary outcomes. 

Newer minimally invasive techniques in the form 
of single incision laparoscopic surgery (SILS), robotic 
surgery and natural orifice transluminal endoscopic 
surgery have recently emerged. Although still in the 
early stages with ongoing research in progress, SILS has 
been shown to reduce conversion rate to laparotomy 
and reduce length of hospital stay[12]. Robotic surgery 
has advantages over purely laparoscopic surgery 
including the ability for seven degrees of freedom and 
tremor filtration which could benefit more demanding 
surgery, e.g., rectal resections. Robotic surgery has 
been shown to be both safe and feasible with short 
term outcomes comparable to conventional laparoscopic 
surgery but longer operative time and higher costs[13,14]. 
ROLARR (Robotic vs Laparoscopic Resection for Rectal 
cancer) is an RCT which aims to compare the benefits 
of robotic vs laparoscopic surgery, the results of which 
have not yet been published. 

The ultimate benefits of laparoscopic surgery and 
ERAS are essentially the same; improved outcomes and 
faster recovery. Given that laparoscopic surgery has 
been shown to improve outcomes both separately from, 
and as a part of ERAS, it can be seen as a significant 
and integral component to any ERAS protocol where 
minimally invasive surgery is applicable. 

Specialty specific ERAS 
The principles of ERAS have been adopted by most 
specialties, each formulating their own specific protocols 
and guidelines. The generic overarching ideas of pre-
operative, intra-operative and post-operative elements 
are included, but the actual interventions and evidence 
base are specialty specific. Specialties with similar 
operative procedures, i.e., those within the lower abdo
minal/pelvic cavity, tend to have similar elements 
within their protocols, for example colonic surgery[6] 
and gynaecological oncology surgery[15,16] recommend 
no pre-operative bowel preparation, avoidance of naso
gastric tube insertion and use of minimally invasive 
surgical techniques when expertise is available. Similar 
recommendations exist for urological surgery[17], how
ever long-term oncological results following use of mini
mally invasive techniques are still awaited.

A review of enhanced recovery in pancreatic surgery 
highlighted placement of intraperitoneal drains as a 
controversial and highly debated element within ERAS 
protocols for pancreatectomy[18]. Intraperitoneal drains 
have been used historically to help in the recognition 
of a pancreatic fistula or anastomotic leak. This leak of 
pancreatic fluid can cause erosion of vessels, haemorr­
hage and sepsis. A recent meta-analysis concluded 
that those patients without drains had higher mortality 
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but lower overall complications[19]. Current ERAS guide
lines recommend systemic post-operative drainage 
with early removal in patients at low risk of pancreatic 
fistula, but these recommendations could change as 
further evidence is highlighted in future studies[20]. With
in bariatric surgery pre-operative factors have been 
suggested to have important post-operative benefits, 
these include pre-operative weight loss, pre-operative 
exercise and adequate nutritional supplementation[21]. 
Studies have shown that pre-operative weight loss is 
a positive predictor of post-operative weight loss[22]. 
Together with adequately improving known nutritional 
deficiencies, which are common in obese patients, these 
elements seem essential additions to any bariatric ERAS 
protocol. 

Other specialty specific elements include pre-
operative respiratory physiotherapy prior to thoracic 
surgery[23]. This improves exercise capacity and lung 
function in patients who will lose lung volume after 
surgery. Use of pre-emptive analgesia and local an
aesthetics infiltration within orthopaedic surgery is 
thought to allow early mobilisation and increased 
limb movement secondary to decreased somatic sen
sation[24,25].

Using generic elements as a basis for specialty 
guidelines with added specific interventions allows for 

a more comprehensive ERAS protocol with improved 
outcomes and recovery for each specialty. 

CURRENT RESEARCH INSIGHTS AND 

CHALLENGES
Barriers to the implementation of ERAS
Despite the evidence of improved post-operative 
outcomes and recovery, ERAS implementation varies 
in different centres. McLeod et al[26] reported that of 
the 18 specific ERAS guideline recommendations, only 
two reached a compliance rate of greater than 75%. 
Pędziwiatr et al[27] implemented an ERAS protocol 
over a period of time and found that although only 
65% compliance was reached for the first cohort, 
compliance rose to 89.6% by the third cohort, i.e., a 
gradual improvement was shown over time. Recently 
the ERAS Compliance Group found that ERAS protocol 
compliance in elective colorectal cancer resections were 
around 75%, but there was variation between centres 
and elements[28]. Compliance with ERAS protocols 
was associated with better outcomes and exhibited a 
form of “dose-dependency” whereby, as compliance 
increased, complications decreased. Laparoscopic 
surgery and balanced intravenous fluid therapy were 

  Pre-operative Intra-operative Post-operative

  Pre-admission counselling Short acting anaesthetic agents Mid-thoracic epidural anaesthesia
  Fluid and carbohydrate loading Mid thoracic epidural anaesthesia No Nasogastric tubes
  No prolonged fasting No drains Prevention of nausea and vomiting
  No/selective bowel preparation Avoidance of salt and water overload Avoidance of salt and water overload
  Antibiotic prophylaxis Maintenance of normothermia Early removal of catheter
  Thromboprophylaxis Early oral nutrition
  No Premedication Early mobilisation

Non-opioid oral analgesia
Stimulation of gut motility

Audit of compliance and outcomes

Table 1  An example of a generic enhanced recovery after surgery protocol

  ERAS element with high/moderate level evidence ERAS element with low level evidence

  Stopping smoking 4 wk prior to surgery Pre-operative information and counselling
  No routine use of bowel preparation Stopping drinking alcohol 4 wk prior to surgery
  Allowing clear fluids up until 2 h before and solids 6 h before anaesthetic induction Peri-operative oral nutritional supplements and carbohydrate loading
  No routine use of sedative premedication Standard anaesthetic that allows rapid awakening
  Routine thromboprophylaxis Post-operative nausea and vomiting prophylaxis
  Antimicrobial prophylaxis and skin preparation Routine urinary drainage 
  Balanced intravenous fluids guided by flow measurements Using stress reducing elements of ERAS to minimise hyperglycaemia
  Use of mid thoracic epidural blocks in open surgery Early mobilisation
  Us of spinal analgesia or PCA in laparoscopic surgery
  Laparoscopic surgery
  No routine use of nasogastric tubes
  Maintenance of normothermia
  No routine intra-abdominal drains
  Early post-operative enteral feeding
  Insulin treatment of severe hyperglycaemia in ICU
  Use of chewing gum to prevent post-operative ileus

Table 2  Enhanced recovery after surgery society recommendations for colonic surgery and their evidence level[6]

ERAS: Enhanced recovery after surgery; PCA: Patient controlled analgesia; ICU: Intensive care unit.
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specifically shown to be associated with a reduced risk 
of complications.

Certain elements are easier to implement than 
others, for example if they already form part of rou
tine practice, e.g., prophylactic antibiotics, throm
boprophylaxis and using minimally-invasive techniques. 
Some elements are more difficult to implement des
pite increased efforts[27], including: No bowel prepara
tion, early urinary catheter removal, no opioids and 
restrictive fluid therapy. An early study into ERAS pro­
tocol compliance indicates that compliance with post-
operative factors significantly influenced outcomes[29], 
but it was difficult to determine which specific elements 
had an independent influence on outcomes. Conversely, 
a review by Ahmed et al[30] found that studies achieved 
similar outcomes despite not including all components 
of recommended ERAS protocols. Furthermore, a 
systematic review[31] looking at RCTs of ERAS vs 
standard care was unable to show that ERAS protocols 
with more elements were more successful than those 
with fewer elements. 

Given the barriers to implementation and the 
difficulty in determining the relative importance of each 
individual component within the ERAS protocol the idea 
of a flexible and individualised method rather than a 
rigid protocol has been postulated, with each centre and 
hospital determining which elements to include for their 
specific protocols[29,31,32]. Factors thought to encourage 
the implementation of ERAS and improve compliance 
include; appointment of specific ERAS coordinators, use 
of engaged multidisciplinary teams, specific ERAS units/
wards, specific teaching sessions about the benefits of 
ERAS and regular auditing[27,29,30].

Whichever elements are included, auditing com
pliance with the ERAS protocol, as well as measuring 
patient outcomes, form an essential part of the ERAS 
audit cycle[6].

Outcome measures
The impetus behind ERAS is improving post-operative 
recovery therefore it is necessary to measure recovery 
objectively. Many outcome measures have been used, 
yet the most frequently reported is length of hospital 
stay[33]. However, this surrogate measure of recovery 
can be influenced by external circumstances, for ex
ample patients’ expectations of discharge date, social 
or support networks not being in place or even hospital 
administration issues with inability to process discharge 
summaries or dispense necessary medications. Further
more, despite meeting the necessary clinical markers 
required for discharge, e.g., blood tests and physiologi
cal observations, the patient is unlikely to be back to 
their functional baseline, since hospital discharge is 
based on the patient being safe to convalesce in the 
community. Other clinical outcomes studied include 
thirty-day mortality, thirty-day re-admission and post-
operative complications[34,35]. These outcomes are often 
recorded as part of the clinical notes and can be used 
in conjunction with length of hospital stay. However, 

they only offer insight into the major complications or 
post-operative issues in patients who are readmitted 
or treated. There is little information to represent how 
patients are recovering at home in the long term. 

Since 2009 the NHS in the United Kingdom has 
invited patients to fill in a patient reported outcomes 
questionnaire after hip replacement, knee replacement, 
groin hernia and varicose vein surgery. Such question
naires measure a patient’s health status and health 
related quality of life at a single point in time is col
lected before and after the procedure. This has been 
introduced to provide an indication of the quality of care 
being delivered. These outcome measures are more 
patient-focused, relating to daily living within their own 
environment and their return to normal function. King 
et al[33] assessed the influence of an ERAS protocol on 
quality of life. A validated QOL questionnaire (EORTC 
QLQ-C30) was used by patients undergoing surgery 
with an ERAS protocol compared to a historic control 
group. No statistically significant difference between the 
two groups in terms of quality of life was found. Another 
study measured post-operative fatigue as a long-term 
outcome to compare ERAS vs conventional care[36]. It 
was shown that post-operative fatigue levels increased 
in both groups significantly, which reached a maximum 
level just before discharge. However, the peak level 
reached was significantly smaller in the ERAS group. 
They also exhibited a significantly smaller Fatigue 
Consequence Score during the first thirty post-operative 
days. More recently proponents of ERAS have started to 
focus research on the theme of patient experience[37], 
and qualitative studies undertaken have highlighted 
areas for improvement including post-discharge support 
and follow-up[38].

Another consideration is the economic potential of 
ERAS. Studies have shown that implementing an ERAS 
protocol is cost effective[39]. Recent systematic reviews 
by Lemanu et al[40] and Lee et al[41] note however, 
that there are few RCTs documenting cost data, there 
are inconsistencies in the reporting of cost data, and 
suggest the need for well-designed trials in order to fully 
determine the true cost-effectiveness of ERAS.

A recent systematic review by Neville et al[42] aimed 
to identify useful recovery parameters within ERAS, 
noting that validated outcome measures were lacking 
for this complex recovery process. It was found that 
multiple different outcome measures are in use and 
that they tend to reflect short term recovery focusing 
on biological and physiological outcomes. The paucity 
of outcomes in the longer term was highlighted, for 
example few studies actually report any outcomes after 
thirty days post-surgery. A suggestion has been made 
for longer-term follow-up for post-surgical patients 
with a focus on patients’ functional status including 
physical activity measurement and exercise capacity 
to help quantify recovery more fully. Another review 
by Feldman et al[43] postulates that phases of recovery 
overlap and cannot be defined as a single event within a 
specific time frame. This means that different outcome 
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measures are relevant at different time periods, but 
that no single outcome measure is perfect to quantify 
total recovery. Instead, a core set of outcome measures 
for each stage of recovery is proposed which reflect the 
perspectives of each member of the multi-disciplinary 
team as well as the patient.

It is now clear that different outcomes are relevant 
at different stages of the recovery process. One 
measure of recovery that is poorly represented by 
current outcome measures is physical activity. This is 
an important indicator of functional recovery both in 
hospital and back at home whilst convalescing. There 
is a potential to fill this gap by providing means of 
continual measurement in a non-invasive and objective 
manner.

Prehabilitation
Physiotherapy and mobilisation recommendations are 
frequently given in the post-operative period with a 
view to improving recovery and function. However, 
physical “conditioning” prior to operative stresses have 
been considered with the idea of enhancing patients’ 
functional capacity and thus improving outcomes 
post-operatively[44,45]. For example, studies have imple
mented pre-operative exercise regimens and assessed 
subsequent post-operative functional activity and 
outcomes[46]. 

However, the benefit of prehabilitation is uncertain 
with systematic reviews reporting contradictory evi
dence. The review by Valkenet et al[47] included twelve 
studies [orthopaedic surgery, cardiac surgery and open 
abdominal aortic aneurysm (AAA) repair]. The risk of 
developing post-operative pulmonary complications 
was lower in those patients receiving inspiratory 
muscle training prior to cardiac and AAA surgery (RR 
= 0.40, 95%CI: 0.23-0.72). Conversely, there was 
no significant difference between post-operative com
plication rates or length of stay in joint replacement 
surgery. Lemanu et al[48] included eight studies in their 
review (cardiothoracic surgery, abdominal surgery and 
orthopaedic surgery), which found that there was poor 
adherence with the prehabilitation interventions with 
little evidence of physiological and clinical outcome 
improvements. One review focused more specifically on 
total body exercise as a prehabilitation intervention[49]. 
In this review of twenty one studies, improvements 
were seen in post-operative pain, length of stay and 
physical function in those undergoing the prehabilitation 
intervention. These differing conclusions may be due 
to the heterogeneity of the included studies with dif
ferent physiological outcomes recorded and different 
prehabilitation interventions being used. 

A tri-modal prehabilitation intervention was used in 
a randomised controlled trial with patients undergoing 
colorectal resection[44]. The intervention consisted of 
fifty minutes’ total body exercise, alternating between 
aerobic and resistance training three times a week, 
nutrition counselling with protein supplementation and 
provision of stress reducing strategies. The trial found 

that the prehabilitation group had increased functional 
walking capacity both pre-operatively and at eight weeks 
post-operatively compared with the rehabilitation group. 
There was no difference in self-reported physical activity, 
health related quality of life, thirty day complications, 
anxiety or depression between groups.

The evidence for prehabilitation is in its preliminary 
stages, with mainly low powered, observational studies. 
It is difficult to quantify or characterise the benefits of a 
prehabilitation programme, or indeed which interventions 
should be included. Randomised controlled trials looking 
at prehabilitation in colorectal cancer patients[50] and in 
vascular patients undergoing elective abdominal aortic 
aneurysm repair[51] are currently underway, which will 
help towards informing the decision of whether or not 
prehabilitation should become part of the ERAS protocol. 

FUTURE DIRECTIONS
Use of technology
A variety of technologies have been used within the 
peri-operative period as helpful adjuncts within ERAS, 
for example oesophageal Doppler for monitoring fluid 
balance[52], pneumatic calf compression to provide 
thromboprophylaxis[53] and the use of forced air warming 
units to maintain normothermia[54]. Furthermore, recent 
advances in technology have led to the emergence of 
small, wearable sensors that can measure, store and 
transmit large amounts of patient and environmental 
data[55,56]. These sensors have been used to objectively 
and continuously monitor physical activity in the home 
environment following discharge from hospital[57] and 
within the hospital setting[58]. 

Studies in the early post-operative period have 
offered insight on patient mobility and functional 
recovery[59]. Cook et al[60] monitored patient steps after 
elective cardiac surgery. An association was found 
between number of steps taken by a patient and their 
length of hospital stay and post-operative discharge 
destination. Wasowicz-Kemps et al[61] measured daily 
physical activity following laparoscopic cholecystectomy 
in a controlled study where advice was given to resume 
normal activity quickly following their operation. Re­
covery to baseline daily activity took more than one 
week in 64% of patients but women in the intervention 
group resumed normal daily activity quicker than those 
in the control group. One study comparing laparoscopic 
vs open distal gastrectomy used an objective physical 
activity monitor to evaluate post-operative recovery[62]. 
Recovery of activity on each post-operative day was 
higher in the laparoscopic group. Studies assessing 
longer term physical activity monitoring[63,64] have 
shown this is both feasible and beneficial for collecting 
data on longer-term outcomes. 

Providing feedback on activity levels to partici­
pants has been shown to increase physical activity in 
a randomised controlled trial in young healthy Finnish 
men[65]. A randomised controlled trial assessing inter
ventions for patients with intermittent claudication[66] 
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showed that wearing a feedback-enabled physical 
activity monitor improved claudication and walking dis­
tance as well as quality of life scores at three months.

There is therefore the potential to use sensor tech
nology to complement and augment ERAS, leading to 
improved patient experience and outcomes. Knowing 
patients’ pre-operative activity levels might correlate 
to their baseline function and wellbeing, which could 
provide an indication of anticipated support the patient 
may require post-operatively. Monitoring physical 
activity in the hospital post-operatively can help moni
tor compliance with post-operative mobilisation recom
mendations as well as measure inpatient activity pro
viding an indication of functional recovery and screening 
for complications. Over time, monitoring physical activity 
unobtrusively can give useful long-term outcome 
measures that truly reflects a patient’s recovery in the 
community[67]. Activity feedback to patients both in 
hospital and in the community may help to encourage 

an increase in their activity levels, as well as motivate 
them to be more engaged in their own recovery and 
care (Figure 1).

Sensor technology could, therefore, help overcome 
the current barriers to ERAS and help assess and 
improve patient outcomes and experience throughout 
the surgical period, in keeping with Kehlet’s initial 
ERAS concept. Additional elements to add to specialty 
specific protocols could include pre-operative activity 
monitoring, prehabilitation and post-operative activity 
monitoring with feedback (Table 3). 

CONCLUSION
Enhanced recovery after surgery is an evolving principle 
that aims to improve patient outcomes following sur
gery, with minimally-invasive surgery as an integral 
core. Current problems that are being discussed by 
ERAS proponents include barriers of implementation 

Figure 1  Uses of physical activity monitoring in the peri-operative period. Multiple opportunities exist for implementation of activity monitors in the peri-operative 
period. Pre-operatively, this includes the assessment of surgical fitness, and guiding a prehabilitation programme. Post-operatively there are multiple options for 
intervention and measurement in the hospital setting, as well as longer term assessments of functional outcome and encouraging an active lifestyle for overall physical 
and mental wellbeing.

  Additional ERAS element What this adds

  Pre-operative physical activity monitoring Measuring patient's baseline function to assess for surgical fitness and to predict support required post 
operatively

  Prehabilitation Exercise training prescribed to patients to improve their baseline functional capacity, together with 
nutritional advice and psychological support

  Post-operative physical activity monitoring Providing feedback to clinicians of patient recovery, monitoring compliance with mobilisation 
recommendations and picking up complications/allowing safer hospital discharge

  Activity feedback Providing motivation to patient to encourage them to mobilise in the initial post-operative phase, thereby 
reducing complications and enhancing recovery

Table 3  Additional enhanced recovery after surgery elements using sensor technology

ERAS: Enhanced recovery after surgery.

Key:

Intervention

Measurement

Monitored
prehabilitation

Pre-operative

Measuring
baseline activity

Assessment of
surgical fitness

Predicting post-
operative support

Surgery

Monitoring early
mobilisation

Patient feedback
and motivation

Hospital

Early detection of
complications

Safe hospital
discharge

Community

Re-establishing 
baseline activity

Maintaining health
and wellbeing

Measuring long-term
functional outcome

Abeles A et al . Enhanced recovery after surgery
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of ERAS protocols and the difficulty of measuring post-
operative outcomes and improvements. Evidence for 
prehabilitation is being explored in randomised con
trolled trials, as initial studies are contradictory and 
based on observational studies with few participants. 
Technological advances have enabled wearable devices 
to continuously and objectively collect data about the 
wearer’s well-being. This could provide an opportunity to 
assess ERAS compliance, monitor patient outcomes and 
offer a variety of promising therapeutic interventions.
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