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Foreword 

This report provides evidence to justify the case for perioperative care, the integrated 

multidisciplinary care of patients from the moment surgery is contemplated through to full recovery.  

In recent decades, many different facets of perioperative care have been developed and 

implemented across countries and healthcare organisations. This local evolution of practice does 

not lend itself to transformational change or large-scale data collection about impacts. Despite this, 

there is much research about the value of perioperative care. We have brought together, perhaps 

for the first time on this scale, a wide range of research about the effectiveness of perioperative 

care. We considered over 27,000 studies in preparing this review. 

The results show that perioperative care is associated with high quality clinical outcomes, reduced 

financial cost and better patient satisfaction. This triad is the holy grail of healthcare.  

A perioperative approach can increase how prepared and empowered people feel before and 

after surgery. This can reduce complications and the amount of time that people stay in hospital 

after surgery, meaning that people feel better sooner and are able to resume their day-to-day life.  

Our review highlights the effectiveness of clear perioperative pathways, with an average two-day 

reduction in hospital stay across multiple types of surgery. Different interventions, including 

prehabilitation, exercise and smoking cessation can significantly reduce complications by 30% to 

80%. This scale of benefits is far greater than many new drugs or treatments launched.  

COVID-19 has underscored the need to develop COVID-19-light pathways for surgery, to reduce the 

number of inpatient beds required and to minimise risks to patients. Never has there been such an 

opportunity to deliver the triple value aim of healthcare, nor the opportunity to institute large-scale 

transformational change at pace.  

Perioperative care can be at the heart of the Secretary of State for Health and Social Care’s 

commitment to ‘build back better’, and the NHS People Plan 2020/21 commitment “to transform the 

way our teams, organisations and systems work together, and how care is delivered for patients." 

This is a call to action to further implement and embed perioperative care rapidly. There is also a 

need for improved funding of medical research, to focus on other aspects of perioperative care 

where the evidence remains lacking or unclear.  

Please do let us know what you think about the findings by emailing advocacy@rcoa.ac.uk or 

tweeting us @CPOC_News. 

  

 
 

Dr David Selwyn 

Director of the Centre for Perioperative Care 

https://www.gov.uk/government/speeches/the-future-of-healthcare
https://www.england.nhs.uk/ournhspeople/online-version/new-ways-of-working-and-delivering-care/
mailto:advocacy@rcoa.ac.uk
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Key messages 

Perioperative care 

Around 10 million people have surgery with the NHS in the UK each year. The Centre for 

Perioperative Care wants to ensure that care before, during and after surgery is organised to 

provide the best outcomes for these people and for health systems. Perioperative care involves 

providing multidisciplinary person-centred care from the moment surgery is contemplated through 

to full recovery.  

It has been proposed that perioperative care has the potential to strengthen Integrated Care 

Systems, support the NHS’s population health agenda and embed changes to ways of working 

begun in response to COVID-19. We wanted to understand the underpinning evidence about 

perioperative care, particularly any impact on healthcare resource use. 

We drew together learning from 348 systematic reviews and additional studies, about 10% of which 

were from the UK. To identify relevant research, we searched 14 bibliographic databases, reviewed 

more than 27,000 articles and summarised the highest quality studies about the impact of 

perioperative care pathways and their key components. Our focus was on care processes before 

and after elective surgery rather than the use of specific surgical techniques, medications or 

emergency surgery.  

 

Benefits for people having surgery 

Perioperative care pathways include components such as shared-decision making; preoperative 

assessment; help to get ready for surgery through exercise, nutrition, and smoking cessation; 

discharge planning; multidisciplinary working and follow-up after surgery. There is evidence from the 

UK and internationally that perioperative care pathways and their components can help to: 

▪ increase how prepared people feel for surgery 

▪ increase how empowered, active and involved people are in their care 

▪ increase communication between people having surgery and healthcare teams 

▪ increase people’s satisfaction with their care 

▪ reduce complications after surgery, meaning that people may feel well sooner and be able 

to resume their day to day life and employment more quickly 

 

Benefits for health services and systems 

There is also evidence from the UK and internationally that perioperative care pathways and their 

components can help to: 

▪ reduce the amount of time that people stay in hospital after surgery 

▪ reduce the use of intensive care units after surgery 

▪ reduce complication rates after surgery, meaning fewer resources are spent on this 

▪ reduce the cost of care or cost the same as conventional care  
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In general, perioperative care pathways and their components have been found to be safe and 

effective to implement, reducing people’s stay in hospital by an average of 1-2 days without extra 

complications, unplanned readmissions or extra burden on primary care or social services. Both 

adults and children and those having surgery of many different types can gain benefits.  

However, not all studies have found the same impact. The size of improvements depends on the 

initiatives tested and the surgical speciality and complexity. Whilst the overall trends are positive, the 

quality and quantity of evidence is varied. The table below shows that some perioperative initiatives 

have good quality evidence backing up beneficial effects (shown as green) whereas others have 

positive trends but may need more definitive research to be sure (shown as amber).  

 

 

 

 

 

 

 

 

Perioperative care components 
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Integrated care pathways        

Shared decision-making        

Structured risk assessment        

Prehabilitation        

Manging long term conditions        

Discharge planning - -      

Follow-up after discharge - - -     

 
Green = Large amount of good quality evidence available to suggest a positive impact, Amber = Some 

evidence of positive impact but more quality or quantity needed to be definitive, Red = Available evidence 

suggests little or no positive impact or very mixed findings, Grey = Not enough evidence to draw conclusions 

 

Effective components 

The term ‘perioperative care’ includes many things. It is a philosophy of person-centred care, 

multidisciplinary working and wellness and prevention. It is also associated with pathways of care 

throughout the surgical journey. Research found that the components of perioperative pathways 

most likely to improve healthcare resource use were multidisciplinary working; communication 

across primary, secondary and community care; clear pathways; shared decision-making; 

prehabilitation and rehabilitation; discharge planning; clear discharge information and proactive 

follow-up after discharge. 

Our rapid review suggests that there is significant evidence about the potential benefits of 

perioperative care, but much remains to be learnt. There are positive UK examples, but much of the 

most robust research is drawn from outside the UK. It remains uncertain which components of care 

pathways would be most effective, acceptable and easy to implement within current NHS structures 

and priorities. 

Perioperative care is worth exploring further in the UK. It has the potential to improve the 

effectiveness and efficiency of care, the satisfaction of people having surgery and their families and 

to strengthen the integration and multidisciplinary ways of working now being embedded in the 

NHS.  
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Perioperative care 

The importance of perioperative care 

Setting the scene 

Surgery is a treatment option for around one 

third of the global burden of disease. It is 

estimated that with an aging population and 

increased incidence of some conditions, 

surgery worldwide will double in the next 15 

years.1  

Around 10 million people currently have 

surgery in the UK each year, and about one 

third of all admissions to hospital are related to 

surgical procedures.2 The NHS spends more 

than £16 billion each year on elective surgery. 

For most, surgery is a success, but it is 

estimated that around one in five people 

experience complications after surgery.3 

There is an increasing need for well-

coordinated care around the time of surgery, 

including deciding whether surgery is 

appropriate. In the UK, the number of people 

having surgery is growing and so too is the 

complexity of operations. The population is 

aging and many have long-term medical 

conditions or health behaviours that may 

increase the risk of complications from surgery. 

Over 250,000 people at higher risk have 

surgery each year in the UK and this number is 

set to rise.4  

What is perioperative care? 

Perioperative care aims to ensure that people 

have the best integrated multidisciplinary and 

patient-centred care possible from the 

moment surgery is contemplated through to 

full recovery.  

It seeks to help people, including the most 

vulnerable, get the best outcomes possible, 

increase patient satisfaction, reduce 

complication rates and provide effective and 

sustainable surgery.  

Perioperative care has many components 

across the whole surgical pathway, including 

multidisciplinary teams working together, 

shared decisions with patients, supporting 

people to prepare for surgery, examining 

factors that might increase the risk of 

complications, using safe and effective 

processes during surgery and helping people 

to recover after their operation (see Figure 1).  

This rapid review examines the impact of 

perioperative care pathways and their 

components on healthcare complications 

and resource use.  

Figure 1: Example of the perioperative care pathway5 
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Helping to shape onward discussions 

The Centre for Perioperative Care is s a cross-

specialty centre dedicated to the promotion, 

advancement and development of 

perioperative care for the benefit of patients 

and the healthcare community. We believe 

that collaborative perioperative care is the 

route to effective and sustainable surgery and 

that working in a patient-centred manner 

across the whole pathway is essential for the 

UK’s developing Integrated Care Systems and 

Partnerships.  

Perioperative care is not a new concept. 

There are many elements of perioperative 

care across the NHS and there are 

opportunities to expand this further, especially 

in the context of Integrated Care Systems, 

population health approaches and new ways 

of working introduced to address COVID-19.    

There is renewed focus on prevention and 

integrated care as part of the NHS Long-Term 

Plan for England,6 Delivering Together in 

Northern Ireland,7 Realistic Medicine in 

Scotland,8 and Prudent Healthcare in Wales.9 

Perioperative care can play a key role, 

offering an opportunity to improve surgical 

care pathways so that healthcare 

professionals are even better supported to 

work collaboratively with partners across 

primary, secondary and community care and 

can harness ways to enhance people’s 

health.  

Various research has explored the value of 

perioperative care, but as perioperative care 

has many components this research is spread 

across many publications.  

We wanted to bring robust research together 

in one place to help us understand the 

potential healthcare resource impacts of 

perioperative care. We hope this will help 

policy makers, healthcare managers and 

health and care practitioners in the UK 

consider next steps with expanding person-

centred perioperative care.  

 

Our review approach 

Review question 

We undertook a rapid review to examine the 

question: 

 

What impact do perioperative 

interventions before and after elective 

surgery have on surgical complications 

and healthcare resource use? 

 

 

Perioperative components of interest 

Perioperative care has many different 

components, so to keep the review 

manageable we focused on initiatives before 

and after surgery, rather than medications 

and techniques during surgery. 

Interventions that we were particularly 

interested in were: 

▪ pathways to improve components of care 

before and after surgery 

▪ those which considered which treatment 

route to take, including shared decision-

making about the suitability of surgery and 

assessments of the risk of surgery based on 

people’s characteristics and behaviours 

▪ initiatives to prepare people for surgery 

focusing on behaviour change or 

managing long-term conditions  

▪ care after surgery, including discharge 

planning and follow-up support 

Some of these initiatives may not be 

multidisciplinary or may not be explicitly 

labelled as ‘perioperative care’. We did not 

focus on the outcomes of different types of 

multidisciplinary teams or team members in 

this review because we have undertaken a 

separate rapid review about teams to support 

perioperative care. 
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Studies types eligible for inclusion 

Many thousands of studies have been 

published about perioperative care pathways 

and their components. To identify the most 

relevant and up to date research we focused 

on studies published between January 2000 

and June 2020.  

We prioritised published systematic reviews 

(that draw together all relevant research 

about a topic) and additional randomised 

controlled trials and cost-effectiveness 

analyses about perioperative care for elective 

surgery. Where these types of studies were not 

plentiful about a particular service or 

intervention, we included other comparative 

studies such as non-randomised trials and 

before-and-after studies that monitored 

changes over time. We did not include 

narrative descriptions of initiatives or articles 

that did not contain empirical research data. 

 

Geographic focus 

Our focus was on research from the UK and 

Europe, North America and Australasia.  

The health systems of different countries vary 

widely, making it difficult to extrapolate the 

implications for the UK. We wanted to draw on 

international experience as well as UK studies 

because there is not a great deal of UK 

research. However, we did not want to 

include research from countries with 

significantly different population profiles or 

economic resources to the UK. The countries 

we focused on organise their healthcare 

systems and payment approaches in different 

ways to the UK, but we wanted to learn about 

the potential benefits in a range of contexts. 

Systematic reviews from anywhere in the 

world were eligible for inclusion in our review 

because systematic reviews typically combine 

studies from several countries, including the UK 

and Europe. 

 
1  The databases were CABI (multiple databases) Cochrane Library, CHBD, Dimensions, EBSCO (multiple 

databases), Embase, Google Scholar, Ingenta Connect, Jurn, Medline, Mendeley, Scopus, UpToDate, Web 

of Knowledge (multiple databases). 
2  We rounded figures from published studies to the nearest decimal place. A p-value ≤ 0.05 was used to 

indicate strong evidence against the hypothesis that there was no difference between perioperative care 

and the comparator. In other words, p<0.05 indicates the intervention likely made a significant difference. 

Impacts of interest 

We focused on studies that looked at the 

impact of any component of perioperative 

care before or after elective surgery on: 

▪ cancelled surgery or appointments 

▪ postoperative complications 

▪ length of stay in hospital  

▪ unplanned readmissions after surgery 

▪ survival 

Where reported, we also looked at data 

about patient satisfaction from studies that 

included a healthcare resource use outcome.  

There are many other potential impacts of 

perioperative care, but our rapid review 

focused on healthcare resource use. 

 

Identifying and summarising research 

We worked with an independent team who 

searched 14 bibliographic databases to 

identify relevant research.1 We screened 

27,282 potential articles and identified 348 

studies that met our inclusion criteria.  

We did not prioritise individual studies for 

inclusion if they were already included in a 

systematic review that we were summarising. 

We compiled themes in the findings 

narratively, including illustrations of 

quantitative findings.2 We prioritised 

systematic reviews and UK studies to provide 

examples of the key themes. The interventions, 

methods and types of surgery were too 

diverse to compile findings numerically in a 

meaningful way. Researchers have already 

undertaken meta-analyses about some 

initiatives and these are included in this rapid 

review. 

Although we searched extensively for 

research, we did not seek to include and 

quality assess every relevant study ever 

published.  



Integrated care pathways

Overview  

What are integrated pathways? 

Some perioperative care initiatives span the 

pathway before, during and after surgery. In 

this section we summarise evidence about 

these ‘pathway’ approaches. In the following 

sections we explore the research about 

elements of these pathways in more detail. 

Perioperative care pathways are not a single 

uniform intervention. The components of the 

pathway may vary, although they focus on 

similar elements to help people decide 

whether surgery is the right option for them, 

prepare for surgery and recover from surgery. 

Examples of elements of perioperative care 

pathways include preoperative counselling, 

nutritional screening, smoking cessation, 

prehabilitation, avoidance of fasting for 

extended periods before surgery, increasing 

carbohydrates prior to surgery, avoiding 

preoperative sedatives, taking medications in 

advance to help avoid complications, short-

acting or regional anaesthetics, nausea and 

vomiting control, fluid management, minimally 

invasive surgery, early removal of drains, 

avoidance of urinary catheters and early 

mobilisation after surgery.10,11 

 

 

 

An example is the Enhanced Recovery 

Programme launched by the Department of 

Health in England in 2009. This approach 

promotes a bundle of evidence-based ‘best 

practices’ for elective surgery delivered by a 

multidisciplinary healthcare team. The 

pathway includes numerous components 

focused around five key areas:  

▪ shared decision-making with patients  

▪ assessment before surgery 

▪ increasing fitness to manage risk 

▪ anaesthesia and pain management 

▪ preparation for hospital discharge 

Enhanced recovery pathways have also been 

implemented in many other parts of the world. 

They have been called perioperative 

pathways, enhanced recovery after surgery 

(ERAS) programmes, fast track surgery and 

perioperative surgical home models.12 In this 

review we use the term perioperative 

pathways. 

  



 
 

10 
 

Key findings about care pathways 

Our rapid review identified 152 systematic 

reviews and additional individual studies 

about the impact of perioperative pathways 

on healthcare resource use. 

Across many types of surgery, compared to 

conventional care, perioperative pathways 

have been found to:  

▪ reduce the number of days people 

stay in hospital13,14,15,16,17,18,19,20,21,22,23,24 

25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43 

▪ reduce healthcare costs44,45,46,47,48,49,50, 

51,52,53,54,55,56 

▪ increase efficiency, such as increasing 

the number of people operated on 

within 24 hours of admission, reducing 

cancelled operations and reducing 

time spent in theatre57,58,59 

▪ reduce admissions to intensive care 

units60,61,62,63  

▪ potentially reduce nursing workload in 

some instances64 

There were variations in the extent of 

reductions in length of stay across studies and 

surgery types, but in general it appeared that 

perioperative pathways reduced hospital 

stays by an average of about 2 days (range: 1 

to 8-day average reduction). 

Most research focused on surgery in adults, 

but some studies also found reduced 

postoperative length of stay after surgery in 

children.65,66 

Studies about healthcare resource use have 

also investigated other outcomes, finding that 

perioperative pathways can improve the 

quality of care and health outcomes for 

people having surgery. This includes: 

▪ improving pain, fatigue and early 

recovery67,68,69,70,71,72,73,74,75,76,77,78 

▪ improving overall survival79,80,81 

▪ improving patient satisfaction and 

reducing anxiety82 

▪ improving surgical documentation and 

the use of evidence-based 

care83,84,85,86 

 

 

We found that perioperative pathways had 

variable impacts on the proportion of people 

who had complications after surgery and the 

proportion that needed to be readmitted to 

hospital after being discharged. Some studies 

found that perioperative pathways reduced 

complications and / or unplanned 

readmissions. 87,88,89,90,91,92,93,94,95,96,97,98,99,100,101 

Others found no difference compared with 

conventional care, but also no negative 

effects.102,103,104,105,106,107,108,109, 110,111,112,113 A small 

number of studies suggested that 

perioperative pathways may increase 

readmission rates for some people.114, 115 

The overall trend was for research to suggest 

that perioperative pathways may reduce the 

time that people are in hospital and 

associated healthcare costs without 

increasing complication rates. 

Many of the studies upon which the evidence 

is based are not of the highest quality. They 

may compare outcomes before and after a 

pathway was introduced in a single centre 

rather than randomly assigning people to 

pathway versus non-pathway care. The exact 

initiatives included in each pathway may also 

vary. However, the evidence is strengthened 

because of the consistency of findings across 

countries and different types of surgery. Many 

systematic reviews have drawn together all 

the highest quality evidence about 

perioperative pathways in specific surgical 

specialities. These reviews consistently suggest 

that perioperative pathways reduce the 

length of stay in hospital after surgery. 
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Length of stay 

Findings from systematic reviews 

Many systematic reviews have compiled 

research from around the world about the 

impacts of perioperative pathways. We 

present some examples here to give a flavour 

of the findings and show how they apply to 

different surgical specialities. 

A robust recent systematic review 

quantitatively combined 18 randomised trials 

about perioperative pathways for elective 

gastric cancer surgery. Pathways were 

associated with:  

▪ a reduced length of stay (average 

reduction 1.8 days, 95% confidence 

interval3 (CI) 1.4 to 2.2 day reduction, 

p<0.05) 

▪ lower hospital costs (average US$650 

less, 95% CI $460 to $840 less, p<0.05, 

2019 prices) 

▪ and lower rates of pulmonary 

infections (risk ratio 0.5, 95% CI 0.3 to 

0.8, p<0.05) 

There was no change in postoperative 

complications but pathways were associated 

with two times more unplanned hospital 

readmissions compared to conventional care 

(risk ratio 2.4, 95% CI 1.1 to 5.4, p<0.05). The 

quality of evidence was low to moderate for 

all outcomes. The reviewers concluded that 

perioperative pathways may reduce the 

length of stay, costs and time to return of 

function after gastric cancer surgery 

compared to conventional care, but may 

increase the number of postoperative 

readmissions.116 

 
3  A confidence interval is the range of values we are fairly sure the true value from the population lies within. 

Throughout this review we report 95% confidence intervals, meaning that we have a high level of statistical 

confidence that the true value lies between the range presented.  

 

For the purposes of our review risk ratios and odds ratios provide a sense of how likely an outcome is with 

perioperative care versus conventional care. The odds ratio is a ratio of two odds whereas the risk ratio or 

relative risk is a ratio of two probabilities. A ratio of 1 means that there is no difference in the odds / 

probability between groups. A ratio of more than 1 means that there is higher odds or risk of something 

happening and a ratio lower than 1 means there is lower odds or risk of that outcome. 

 

 

 

Another systematic review of randomised trials 

about abdominal or pelvic surgery found that 

perioperative pathways reduced hospital stay 

(standard mean reduction 0.8 days, 95% CI  

0.7 to 0.9, p<0.05), postoperative lung 

infection (risk ratio 0.4, 95% CI 0.2 to 0.6, 

p<0.05), urinary tract infection (risk ratio 0.4, 

95% CI 0.2 to 0.8, p<0.05) and surgical site 

infection (risk ratio 0.8, 95% CI 0.6 to 0.98, 

p<0.05).117   

A systematic review of 30 observational 

studies found that the duration of 

postoperative stay in hospital reduced after 

gastrointestinal surgery (mean reduction 2 

days, 95% CI 2 to 3 days, p<0.05). There was 

no change in overall postoperative morbidity 

(odds ratio 0.84, 95% CI 0.64 to 1.09, p>0.05) or 

mortality, but these were improved when 

laparoscopic surgery was used. Perioperative 

pathways reduced the overall cost of surgery 

(mean difference per person US$982, 95% CI 

$597 to $1368, 2018 prices).118  

A systematic review with 16 observational 

studies in gynaecological surgery found that 

perioperative pathways were associated with 

an average 3-day reduction in the length of 

hospital stay compared to conventional care, 

without increasing complications, mortality or 

readmission rates.119 

Another systematic review combined 27 

comparative studies about bladder surgery 

(radical cystectomy). Perioperative pathways 

enabled a faster recovery of bowel function, 

faster return to regular diet and a shorter 

hospital stay with no increase in major 

complications or readmission rates compared 

to conventional care.120 
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In people having liver surgery, a systematic 

review of five trials found that compared to 

conventional care, perioperative pathways 

reduced hospital length of stay (weighted 

mean reduction 2.8 days, 95% CI 1.7 to 3.9 

day reduction, p<0.05), overall complications 

(risk ratio 0.7; 95% CI 0.5 to 0.9, p<0.05), and 

grade I complications (risk ratio 0.5, 95% CI 0.3 

to 0.8, p<0.05).121  

Another systematic review of 20 case-control 

studies found that perioperative pathways 

reduced average hospital stay after 

pancreatic surgery by about four days (95% CI 

3 to 6 days, p<0.05). There was also a 

reduction in postoperative complications 

(odds ratio 0.6, 95% CI 0.5 to 0.7, p<0.05), 

particularly mild complications (Clavien-Dindo 

 I-II odds ratio 0.7, 95% CI 0.6 to 0.9, p<0.05). 

There was no difference in readmission rates, 

reoperations or mortality.122 

In people having colorectal surgery, a 

systematic review with 16 randomised trials 

found that perioperative pathways reduced 

length of hospital stay (weighted mean 

reduction 2.3 days, 95% CI 1.5 to 3 days) and 

overall morbidity (relative risk 0.6, 95 % CI 0.5 to 

0.8, p<0.05) without increasing readmission 

rates.123 

A systematic review of 11 studies of the 

perioperative surgical home model included 

an emphasis on preoperative education, 

standardisation of care protocols, use of 

opioid-sparing multimodal analgesia and 

multidisciplinary staffing. This model was often 

associated with decreased length of stay and 

decreased intensive care unit use. The model 

was not usually associated with changes in 

readmission rates. Findings about cost 

reductions were mixed, but it did not cost 

more than conventional care to implement 

this model.124 

Another systematic review of 16 studies found 

that compared to traditional management, 

perioperative pathways for older people 

decreased the rate of complications and this 

reduced the duration of hospital stay. The 

reviewers concluded that perioperative 

pathways were feasible for the elderly, though 

postoperative morbidity remained higher than 

in younger patients.125 

Examples from the UK 

There are also specific examples from the 

UK.126,127 A number are briefly described here 

for illustration.  

A systematic review of studies about 

perioperative pathways in the UK identified 17 

systematic reviews and 12 additional 

randomised controlled trials about 

effectiveness. Most studies focused on 

colorectal surgery. The reviewers concluded 

that perioperative pathways may reduce 

hospital stays by 0.5 to 3.5 days compared to 

conventional care for people undergoing 

colorectal surgery. This did not lead to greater 

readmission rates. There were more varied 

results and limited evidence for other surgical 

specialities.128,129  

Many of the UK studies compare outcomes 

before and after implementing perioperative 

pathways. For example, a pathway with 

patient education, daily management goals, 

daily facilitated meetings and a day-of-

surgery admission policy for hip and knee 

replacements reduced length of stay by 

about 1 day compared to conventional care. 

Elderly people and men had the greatest 

reductions in length of stay.130 

A similar UK study of a perioperative pathway 

for people having knee replacements found 

that average length of stay reduced by 2 

days, as did the rate of reoperation within 60 

days (2.2% vs 5.0%, p<0.05). There were no 

differences from conventional care in 60-day 

complication rates or 30-day readmission 

rates. Patient quality of life and functional 

status was better at six months compared to 

usual care.131 

Elsewhere in the UK, a hospital implemented a 

perioperative pathway to reduce pulmonary 

complications following major elective 

surgery. The rate of pulmonary complications 

in those admitted to critical care was 19% 

before the pathway and 9% one year after 

the pathway was implemented (p<0.05). 

Median length of hospital stay reduced from 

12 to 9 days (p<0.05).132 
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Not all UK research has found benefits. A 

before-and-after study found that people with 

hip fractures suffered fewer postoperative 

complications when a perioperative pathway 

was used, but there was no significant 

difference in length of hospital stay.133  

A before-and-after study in people with 

chronic subdural haematomas in England 

introduced an integrated care pathway, with 

most initiatives focused on preoperative 

optimisation. This increased the number of 

patients undergoing surgery within 24 hours of 

admission (43% vs 75%, p < 0.05) but did not 

reduce the length of hospital stay.134  

 

International examples 

Many international studies have found 

reduced length of stay associated with 

perioperative pathways.135 A number are 

briefly described here for illustration.  

In the US a before-and-after analysis of a 

perioperative pathway for colorectal surgery 

found a reduction in postoperative surgical 

site infection (7% vs 17%, p<0.05) and hospital 

length of stay (5 vs 7 days, p<0.05) without any 

significant change in readmission rates (18% vs 

19%, p>0.05).136 

Another US study of a pathway for people 

undergoing elective open and minimally 

invasive colon and rectal surgery found that 

average length of stay reduced from 5 to 3 

days, but the 30-day readmission rate was 

higher in the pathway group (15% vs 9%, 

p<0.05).137 

Elsewhere in the US, a perioperative pathway 

for urogynaecology increased the proportion 

of same day discharges and patient 

satisfaction, but was associated with slightly 

increased hospital readmissions within 30 

days.138 

Not all studies have found reduced length of 

stay.139 For instance, in Canada a 

perioperative pathway was implemented 

across an entire health system. This ‘real world’ 

study is interesting because it did not exclude 

people with diabetes or those over the age of 

80 years, who may not routinely be included in 

randomised trials. In people undergoing 

colorectal surgery, there was no significant 

difference in length of stay, 30-day death or 

readmission, after accounting for historical 

downward trends. Other before-and-after 

studies which have found benefits often do 

not account for historical trends whereby 

length of stay may already be decreasing 

without the introduction of pathways.140 

One reason for the differences in study 

findings may be that the exact components 

of the pathways and the surgical specialities 

differ. Differences in outcomes may also be 

due to the characteristics of the people 

undergoing surgery.141 

Another reason may be the extent of 

adherence to the planned pathway, some of 

which contain 10 to 20 elements.142,143,144 In 

Canada a study of colon surgery in 15 

hospitals found that only 20% of patients were 

compliant with all parts of a perioperative 

pathway. The poorest compliance was with 

postoperative interventions (40%). 

Postoperative compliance was most strongly 

associated with optimal recovery.145  

Similarly, a study in The Netherlands found that 

high adherence to postoperative elements of 

a pathway had the most impact on reducing 

length of stay.146 

A before-and-after study in Canada found 

that a perioperative pathway for colorectal 

surgery was associated with reduced 

complications (15% vs 32% usual care, p<0.05) 

and average length of hospital stay (7 vs 10 

days usual care, p<0.05). Adherence to 12 

components of the pathway was measured. 

High adherence was associated with a shorter 

average length of stay than the low 

compliance group (6 vs 9 days, p<0.05) and a 

lower rate of complications (11% vs 20%, 

p<0.05).147 
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Cost of care 

International examples 

Systematic reviews have indicated that 

perioperative pathways can reduce the cost 

of care associated with various types of 

surgery,148,149,150 largely through reducing the 

length of hospital stay and time spent in 

intensive care or high dependency units.  

It is difficult to extrapolate the cost savings to 

the UK context given varying currencies and 

the different ways that care is costed and 

reimbursed internationally. Furthermore, most 

studies explore costs from an institutional 

perspective and do not include costs related 

to changes in productivity and other indirect 

costs such as caregiver burden.151 

Even so, international explorations of the 

financial impact of perioperative pathways 

are useful because they indicate that it is 

possible to implement this type of care without 

extra cost and in some cases pathways can 

be cost saving for many types of 

surgery.152,153,154,155,156,157,158,159,160 

Some examples of individual studies are 

provided here. 

A before-and-after study in Belgium found 

that a perioperative pathway for liver surgery 

reduced average hospital stay from 8 to 4 

days. There was no change in postoperative 

morbidity or readmission rates. There was a 

significant decrease in postoperative costs 

(€3667 vs €1912, p<0.05, 2018 prices) and 

patient satisfaction was high.161 

Similarly in Italy, a before-and-after study in 

people undergoing colorectal surgery found 

reduced hospital stay (4 vs 8 days) and nursing 

workload, with no increase in postoperative 

complications, 30-day readmissions or 

mortality. Patient satisfaction was high. Total 

average direct costs per patient were lower in 

the pathway group (€5339 vs €6797, 2018 

prices).162 

 

 

 

 

 

 

 

A before-and-after study that implemented a 

pathway for colorectal surgery across an 

entire region in Canada found that this 

reduced length of stay (median 4 vs 6 days, 

p<0.05) and complication rates (11% 

reduction, 95% CI 2% to 21%, p<0.05). Net cost 

savings ranged between US$2806 and $5898 

per patient (2016 prices).163 

Another before-and-after study in Canada 

found that a perioperative pathway for 

gynaecologic oncology reduced median 

length of stay from 4 to 3 days (p<0.05) and 

reduced complications prior to discharge 

from 53% to 36% (p<0.05). The net cost saving 

per patient was C$956 (95% CI $162 to $1636, 

2018 prices).164 

A systematic review of multidisciplinary 

working in surgical care included 43 studies. 

Whilst not all were explicitly about 

perioperative pathways, 91% of the studies 

found that multidisciplinary working was cost 

effective, with average cost savings across all 

studies of US$5815 per person.165 

But not all studies have found cost savings. For 

instance, a before-and-after study explored 

the economic impact of implementing a 

perioperative pathway for colonic surgery in 

France. In an early implementation phase, the 

pathway was associated with reduced 

Clavien-Dindo I-II postoperative complications 

(15% vs 28% usual care, p<0.05) and overall in-

hospital stay (6 vs 7 days, p<0.05). There was a 

trend towards lower hospital costs, but this did 

not reach statistical significance (€7022 vs 

€7501, average saving per patient €480, 

p = 0.1, 2018 prices).166  
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Examples from the UK 

We identified very few examples of robust 

studies examining the cost impacts of 

perioperative pathways in the UK. A 

systematic review of 17 reviews and 12 

additional randomised trials of perioperative 

care for people undergoing elective surgery in 

UK hospitals found insufficient evidence to 

draw conclusions about cost-effectiveness.167 

One cost analysis of a randomised trial in the 

UK found that a perioperative pathway for 

high risk patients was £487 per person more 

costly than usual care over the 180-day trial 

follow-up period. Modelled over a lifetime, the 

pathway was more effective than usual care, 

but remained more costly (£1395 more per 

person, 2019 prices). The researchers 

suggested that the pathway may not be cost-

effective (incremental cost effectiveness ratio 

£77,792 per quality adjusted life year 

gained).168  

On the other hand, a case-control study 

examined the cost impacts of a perioperative 

pathway for women having benign vaginal 

hysterectomy in the UK. Median length of 

hospital stay was shorter than conventional 

care (24 vs 43 hours, p<0.05). The 

perioperative pathway was associated with 

increased visits to the emergency department 

for minor symptoms following discharge (16% 

vs 0%, p<0.05), but there was no difference 

between groups in the inpatient readmission 

rate. Establishing the programme incurred 

expenditure including delivering a patient-

orientated gynaecology 'school' and 

employing a specialist enhanced recovery 

nurse. Despite this, the pathway led to a 15% 

saving (£165 per patient, 2013 prices).169 

 

Another UK study found that a pathway for 

people undergoing heart surgery reduced the 

length of stay in intensive care compared to 

conventional care. The total hospital length of 

stay, incidence of complications, reintubation 

and readmission rates were similar between 

groups. The average cost of the perioperative 

pathway was lower than conventional care 

(£4182 vs £4553, p<-0.05, 2011 prices).170 

 

Overall, perioperative pathways appear 

to have the potential to reduce length of 

stay in hospital and healthcare costs, 

with about the same or fewer 

postoperative complications. Positive 

examples are available from the UK and 

internationally. Some studies have found 

increased rates of readmission to 

hospital, but this is not a consistent trend.  

 

  



 
 

16 
 

Beginning before surgery 

The previous section suggests that 

perioperative pathways can reduce the 

length of time people spend in hospital, which 

has the potential to reduce overall healthcare 

costs. However, there are variations in the 

findings. The components included in 

perioperative pathways vary, and this may be 

one reason for the differing outcomes. 

In this section and the next, we summarise 

research about of the impacts of interventions 

that may form part of a perioperative care 

approach. This section focuses on 

interventions that can be begun before 

surgery (some of which may continue after 

surgery). 

Much can be done between the time when 

surgery is first contemplated and the 

procedure itself to engage people in 

decisions about their care, assess the needs 

and risks of individual patients, optimise the 

treatment of long-term conditions and support 

people with modifiable risk factors such as 

smoking, nutrition, anaemia and diabetes.  

A significant amount of research has been 

undertaken into ‘preoperative optimisation’ 

initiatives. For example, a review of high-

quality systematic reviews identified 409 trials 

in 51 countries. The interventions varied 

widely.171 Our goal in this section is to provide 

a flavour of the types of components that 

might be included in an integrated 

perioperative approach. We focus on some of 

the most cited elements of perioperative 

care:  

▪ shared decision making about surgery as 

a treatment option 

▪ surgical risk assessment 

▪ prehabilitation, which encourages people 

to improve their fitness ready for surgery 

▪ managing long-term medical conditions 

to be better prepared for surgery 

 

 

Key findings: care before surgery 

Our rapid review identified 162 systematic 

reviews and additional individual studies 

about the impact on healthcare resources of 

initiatives to support people before surgery.  

Across many types of surgery, we found: 

▪ shared decision-making can improve 

patient satisfaction with care but the 

impact on healthcare resource use is 

unclear. There is little evidence about 

whether shared decision-making 

influences if people proceed with surgery, 

although some studies have found a 

reduction in surgery after shared decision-

making initiatives are implemented 

 

▪ structured assessment to identify the risk of 

complications can refer people to services 

to help them prepare for surgery and may 

reduce short-notice cancellations  

 

▪ prehabilitation to help people get as 

healthy as possible ready for surgery may 

include physical exercise, smoking 

cessation, psychological support, 

interventions to reduce alcohol 

consumption and nutritional 

supplementation. Prehabilitation has been 

associated with reduced length of stay 

after surgery 

 

▪ various interventions have been tested to 

help people manage long-term conditions 

such as diabetes. The evidence is too 

varied to draw conclusions about the 

impact on healthcare resource use. 

Specific pathways and liaison services for 

older people have also been tried and 

these have been found to reduce the 

average length of hospital stay 
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Shared decision-making 

Extent of shared decision-making 

Person-centred care is an important 

component of perioperative care and shared-

decision-making is part of this. 

Shared decision-making is a collaborative 

process in which patients and family members 

make healthcare decisions together with their 

clinician. This is often recommended in 

guidelines, and research suggests that 

patients want more involvement in making 

decisions about their health and 

healthcare.172 A systematic review of 36 

studies about surgery in children examined 

patient, parent and surgeon preferences 

towards shared decision-making. Three 

quarters of the studies found that patients or 

parents preferred shared decision-making 

(73%) compared with 11% of studies that 

found that surgeons preferred shared 

decision-making.173 

The extent of shared decision making 

between people considering surgery and 

health professionals may be low,174 although 

there is a wide range. For instance, a study in 

Canada examined the proportion of surgical 

consultation visits at which some shared 

decision-making was evident. This ranged 

from 0% to 97% of consultations for each 

person. Higher levels of shared decision-

making were observed when surgeons spent 

more time with patients during the 

consultation.175  

Surgeons may feel that they are facilitating 

shared decision-making more than they are. 

A study in the Netherlands found that 

surgeons perceived that they were facilitating 

shared decision-making but observation 

suggested that this was not the case. 

Surgeons hardly ever asked patients for their 

preferred ways of receiving information, 

whether they understood the information 

provided, how they would like to be involved 

in decision-making or what treatment option 

they would prefer.176 

 

 

 

A systematic review included 32 studies that 

measured shared decision-making during 

consultations in which surgery was a treatment 

option. 36% of patients and surgeons 

perceived the consultation to involve shared 

decision-making as opposed to being patient-

led or surgeon-driven. Surgeons were more 

likely than patients to perceive decision-

making as shared (44% vs 29%). Between 7% 

and 39% of objectively observed consultations 

involved shared decision-making. The 

reviewers concluded that shared decision-

making in surgery is in its infancy, although 

patients and surgeons both think of it 

positively.177 

Factors found to influence shared decision-

making in surgery include the quality of the 

doctor-patient relationship, time available in 

consultations, whether choices are framed as 

avoided losses or potential gains, choices 

reported by others, emotional cues, 

educational barriers, perceived level of 

patient autonomy and choice, patient and 

family expectations, having a social support 

system and decision-making 

advocates.178,179,180  

 

Effects of shared decision-making 

Effect on decisions 

We identified little empirical evidence about 

whether facilitating shared decision-making 

may result in a decision not to proceed with 

surgery. The evidence that did exist was mixed 

and did not come from the UK.  

A systematic review containing 24 studies of 

ways to improve shared decision-making in 

surgery found that most used multimedia / 

video or written decision aids or personal 

coaching. 38% of studies found that shared 

decision-making reduced surgical 

procedures, 4% found an increase in surgery, 

33% found no difference and the rest did not 

report on the impact on surgery.181 
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A randomised trial in Canada examined the 

impact of patient decision aids about joint 

replacement for people with arthritis. One 

group received usual education. Another 

group received usual education plus a 

decision aid and a surgeon preference report. 

There was a trend towards decreased wait 

time for surgery (3 weeks shorter in the 

intervention group in those seen in the 

community). There was no difference between 

groups in the proportion who had surgery.182 

A randomised trial in the US examined an 

online patient decision aid about the benefits, 

risks and alternative treatments for people 

with coronary artery disease. The decision aid 

increased people’s knowledge of the options 

and their interest in shared decision-making. It 

did not change their treatment preferences, 

including their desire for surgery. Providing the 

preferences that patients expressed using the 

tool to clinicians did not make clinicians more 

likely to progress with the treatment preferred 

by patients.183 

Studies of various other types of decision aids 

found limited impact on treatment choice 

where surgery is an option.184 

 

Effect on satisfaction 

Research from the UK and other countries 

suggests that adults and young people who 

actively participate in decision-making about 

their surgery and care are more satisfied with 

their surgery.185,186 For instance, a systematic 

review with 11 studies found that women with 

early stage breast cancer who used decision 

aids were 25% more likely to choose breast 

conserving surgery over mastectomy (risk ratio 

1.2, 95% CI 1.1 to 1.4, p<0.05). Decision aids 

were associated with increased patient 

knowledge and satisfaction with the decision-

making process.187 

 

Effect on healthcare resource use 

Some researchers suggest that there is sparse 

evidence about the economic impact of 

shared decision making or decision-making 

aids as part of surgical pathways. For instance, 

a systematic review identified little published 

evidence about shared decision-making or 

patient decision aids in joint replacement 

surgery.188  

 

Encouraging shared decision-making 

Research has explored various types of 

patient education and tools to support shared 

decision-making and behaviour change.189 

We provide some examples here to give an 

indication of the research available. 

 

Patient education 

Various types of education and information 

have been tested to support people prior to 

surgery. Although not all of this focuses on 

supporting shared decision-making, we 

provide examples here because patient 

information may be an important component 

of perioperative care. 

A systematic review including six trials reported 

mixed findings about patient education prior 

to heart surgery. Some trials found improved 

physical and psychosocial recovery whereas 

others found no effect on patient anxiety, 

postoperative pain or hospital stay.190 

A systematic review of 34 trials of the timing 

and format of providing patient information 

prior to surgery found that multimedia formats 

increased knowledge more than text-based 

information, which in turn increased 

knowledge more than verbal formats. The 

information format or timing of provision of 

information did not affect preoperative 

anxiety, postoperative pain or length of 

stay.191 
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A children’s hospital in the US implemented 

various initiatives to reduce cancellations on 

the day of surgery including improved 

communication with families, decision-making 

prior to the day of surgery, colourful simplified 

preoperative instruction sheets, text message 

reminders to parents’ mobile phones and a 

pathway to allow rescheduling before the day 

of surgery if the child was unwell. The average 

theatre time lost to cancellation on the day of 

surgery decreased from 6.6 to 5.5 hours per 

day.192 

 

Decision aids 

Decision aids which contain information, 

question prompts and the pros and cons of 

various treatment options are well regarded 

by people considering surgery. For instance, a 

systematic review included 17 randomised 

trials about patient decision aids about breast 

reconstruction after mastectomy. The 

reviewers found that decision aids improved 

patient satisfaction with information and 

perceived involvement in the decision-making 

process.193  

In the US, researchers tested the feasibility of 

using a shared decision-making tool during a 

consultation about hysterectomy. At six-month 

follow-up, 97% of patients indicated that they 

were satisfied with their decision to undergo a 

minimally invasive procedure. They were 

grateful to have received information about 

care options. Using the tool did not add 

substantial time to a consultation visit. The 

researchers did not report whether any 

woman changed her decision as a result of 

the tool. No-one decided not to have 

surgery.194 

In the Netherlands, women on an obstetric 

ward were given a card prompting them to 

ask three questions: what are my options; 

what are the possible benefits and harms of 

those options; how likely are each of those 

benefits and harms to happen to me? The 

study was not specific to surgery, though 

surgery was an option in some cases. The 

initiative was feasible and well regarded by 

patients, but it did not impact on the 

proportion who said that there had been 

shared decision-making.195  

 

Online and multimedia information 

Decision aids are feasible in a variety of 

formats, including paper, DVD and online.  

A systematic review found that multimedia 

information and consent resources for surgical 

procedures increased patient understanding 

and satisfaction compared to standard 

consent information alone. Multimedia 

provision of information was found to be 

feasible, accessible and easy to use. There 

was no clear evidence that such resources 

reduced preoperative anxiety.196 

 

Type of information provided 

The way that information is provided may 

influence people’s decisions about whether to 

have surgery. A randomised trial in Spain 

compared giving people diagnosed with 

rotator cuff tears information about the 

benefits of surgery versus information about 

potential adverse effects. Patients were asked 

to comment on a hypothetical situation rather 

than this being actual clinical practice. Those 

receiving information about the benefits of 

surgery chose to have surgery more frequently 

than those where potential complications 

were discussed (84% vs 46%, p<0.05). 197 
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Risk assessment 

Another component of perioperative care is 

assessing people to help understand whether 

they are good candidates for surgery and 

ensure they have support to reduce their risk 

of complications. Several approaches to risk 

assessment have been tested and we provide 

examples here. We have not focused on the 

efficacy of specific risk assessment scoring 

tools, though studies are available about 

these.198 

 

Assessment clinics  

UK examples 

People may be referred to a preoperative 

assessment clinic to help decide whether to 

have surgery, after the decision to proceed 

has been made or just prior to surgery. These 

clinics can help to reduce short-notice 

cancellations of operations because they 

help people address any risks and prepare for 

having surgery. 

An observational study in the UK described a 

consultant-led preoperative assessment clinic 

for people having major vascular surgery. 

People were stratified for risk, referred for 

multidisciplinary support and prescribed 

medication and care to help manage any 

long-term conditions. The clinic was 

associated with fewer last-minute 

cancellations of surgery for medical reasons 

and increased patient satisfaction.199 Similar 

results have been found in preoperative clinics 

for children.200 

Another UK study explored the benefits of a 

multidisciplinary preoperative assessment 

clinic for people having hip or knee 

replacements. Compared to assessment by 

an anaesthetist on the day of surgery, 

multidisciplinary assessment was associated 

with fewer admissions to the post-anaesthesia 

care unit (10% vs 22% usual care, p>0.05) and 

shorter length of stay in the high dependency 

unit (1.6 vs 2.1 days, p<0.05) and intensive 

care unit (1.9 vs 2.3 days, p<0.05), resulting in 

estimated savings of £50,000 per annum (2011 

prices).201  

 

 

International examples 

Studies from other parts of the world suggest 

that preoperative assessment clinics can 

reduce the length of hospital stay and 

postoperative mortality in a range of surgical 

specialities.202  

A US study examined adding structured 

medical preoperative evaluation to standard 

anaesthesia preoperative assessment. There 

was a trend towards reduced same day 

surgical cancellations, but this did not achieve 

statistical significance (5% vs 9% usual care, 

p=0.06). Medical preoperative evaluation was 

associated with lower inpatient mortality (0.4% 

vs 1.3% usual care, p<0.05). Those with an 

American Society of Anaesthesia score of 3 or 

higher had reduced length of stay.203 

However not all findings are positive. In the US, 

a case-control study compared people 

undergoing urology surgery who were referred 

for additional medical and cardiology 

preoperative evaluation versus those who 

were not. Only 2% of those referred for 

additional evaluation had extra diagnostic 

testing and 8% had changes in medical 

management as a result. There were no 

differences between groups in perioperative 

outcomes. The researchers suggested that 

routine referral for additional medical 

evaluation may not be beneficial.204  

In Canada a retrospective review of the notes 

of people over 50 who underwent elective 

non-cardiac surgery found that preoperative 

evaluation sessions did not improve care 

management or surgery outcomes.205 
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Other assessment approaches 

UK examples 

Screening, risk assessments and reminders may 

help to reduce short-notice cancellations and 

surgery postponements. 

In the UK, a before-and-after study examined 

posting people screening questionnaires 

before minor surgery and following up with 

telephone screening if there was a lack of 

response. People screened using this 

approach had a cancellation rate of 2% 

compared to 8-12% the previous year without 

such screening. The researchers concluded 

that combining questionnaires and telephone 

screening helped to reduce cancellations 

and postponements of day case surgery.206 

A randomised trial in four UK hospitals 

compared appropriately trained nurses versus 

pre-registration doctors providing 

preoperative assessment for elective general 

surgery. Having a nurse perform preoperative 

assessment was acceptable to patients and 

was cost neutral.207 

 

International examples 

A review of cardiopulmonary exercise testing 

found that there is limited evidence that this 

improves outcomes, although it can be used 

to help make decisions about potential 

prehablitation activities.208 

The pros and cons of various risk assessment 

tools and indicators have been researched,209 

but there is no consensus about which are 

most effective.210 For instance an evidence 

review found that common ways to measure 

the risks associated with bladder removal may 

not provide the most accurate risk assessment 

for perioperative complications. The reviewers 

suggested that rather than focusing mainly on 

people’s age and other health issues, 

standardised assessments of dependency, 

comorbidity severity, sarcopenia, malnutrition, 

physical and cognitive frailty and 

comprehensive geriatric assessments may 

offer more precise estimates and help to 

identify useful ways to improve readiness for 

surgery.211 

Prehabilitation 

Prehabilitation involves supporting people to 

enhance their fitness and functional capacity 

before surgery, with the aim of improving 

postoperative outcomes.  

The aim is to optimise patients for a "surgical 

marathon" similar to the preparation of an 

athlete. By helping people to increase their 

fitness, stop smoking or reduce alcohol 

consumption, prehabilitation also has the 

potential to help to prevent other health issues 

in the longer term. 

Prehabilitation programmes may include 

multiple components, such as nutritional 

support, exercise and psychoeducation, or 

they may focus primarily on one element. 

We first explore evidence about the effect of 

multicomponent prehabilitation programmes 

on healthcare resource use before looking at 

programmes focused on single elements. 

 

Multicomponent initiatives 

Effect on functioning and complications  

A number of systematic reviews and individual 

studies have found that prehabilitation is 

feasible for a people undergoing surgery for 

various conditions, is associated with improved 

patient satisfaction and may have positive 

impacts on functional status, postoperative 

complications and length of stay, with no 

adverse effects.212,213,214,215 However 

sometimes the study designs are of insufficient 

quality to draw definitive conclusions.216,217,218, 

219 And the long-term findings are sparse and 

not always positive.220,221 

A systematic review identified 17 studies about 

multicomponent prehabilitation in people 

having surgery for cancer. Prehabilitation was 

associated with improved functional status 

and mood and reduced urinary continence 

up to 30-days after surgery, but the results 

were inconsistent across studies. Greater 

benefits to functional status were gained 

when prehabilitation was combined with 

rehabilitation after surgery.222  
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Another systematic review of cancer 

prehabilitation programmes included 12 

randomised trials; seven focused on exercise, 

three on psychological interventions and two 

on multicomponent interventions. There were 

positive trends but the variation in 

programmes made it difficult to draw 

conclusions.223 

A systematic review of 16 studies explored 

prehabilitation programmes lasting at least 

seven days and including structured exercise, 

nutritional optimisation, psychological support 

and cessation of unhealthy behaviours prior to 

major abdominal surgery. The studies varied 

widely, with many surgical subspecialties, 

prehabilitation techniques, outcomes and 

levels of compliance. There were reduced 

postoperative complications in programmes 

that used either preoperative exercise, 

nutritional supplementation in malnourished 

patients or smoking cessation.224  

However, there are conflicting findings. A 

systematic review of 17 studies concluded 

that there was no evidence that 

prehabilitation improved function, quality of 

life or pain. There was some indication of 

reduced readmissions after hip or knee 

surgery for arthritis.225 

We provide some examples of individual 

studies to give a flavour of the types of 

interventions included.  

Researchers in Wales tested the feasibility of 

initiating prehabilitation for people with 

suspected cancer via primary. Twelve general 

practices took part. All patients were 

simultaneously referred to secondary care 

using ‘urgent suspected cancer pathways’ 

and offered prehabilitation if required at the 

initial primary care consultation. The approach 

was feasible. Out of the total sample, 44% 

required prehabilitation in primary care. 8% of 

the total sample were diagnosed with cancer 

and these people were more likely to require 

prehabilitation optimisation than others (63% 

vs 43%, p<0.05).226 

In England older people having a hip or knee 

replacement took part in a randomised trial to 

reduce sedentariness prior to surgery. The 

intervention included motivational 

interviewing, setting behavioural goals and 

regular follow-ups from eight weeks prior to 

surgery. 14% of people invited to take part did 

so and 86% completed the programme. 

Participants were satisfied with the approach. 

This was a feasibility test so the focus was not 

on measuring resource use outcomes, but the 

programme was associated with improved 

functional status at six weeks after surgery.227 

There have been some concerns that 

extending the time between diagnosis and 

surgery to allow for prehabilitation could have 

adverse effects. However, a systematic review 

of five studies examining the effect of 

treatment delays found no impact on overall 

survival in people with colon cancer.228 

 

Effect on length of stay 

Multicomponent prehabilitation has been 

associated with reduced hospital stay in some 

studies,229 but not in others. 

In a systematic review of eight studies in frail 

older people undergoing surgery, three 

focused on exercise alone and the rest were 

multicomponent. Reductions in mortality and 

the length of hospital stay were more likely to 

be reported in interventions that included 

both exercise and nutritional interventions, but 

the quality of evidence was very low.230 

A review of 18 studies of prehabilitation for 

people with cancer included psychological 

support, education and/or exercise. 

Preoperative exercise programmes 

significantly reduced the length of hospital 

stay (mean reduction 4.2 days, 95% CI 2.9 to 

5.4 reduction, p<0.05) and post-surgery 

complications (odds ratio 0.2, 95% CI 0.1 to 

0.7, p<0.05) in people with lung cancer. 

Psychology-based prehabilitation significantly 

improved mood, physical well-being and 

immune function for prostate cancer patients 

and improved fatigue and psychological 

outcomes among women with breast 

cancer.231 
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Not all results are favourable. A systematic 

review of six studies of exercise prehabilitation, 

nutrition or both in older people with 

colorectal cancer found no benefit on length 

of stay, survival or readmission rates.232 

 

Effect on healthcare costs 

The effect of multicomponent prehabilitation 

on healthcare costs is uncertain. The evidence 

here is sparse. 

A busy tertiary centre in England worked with 

others to implement a community-based 

prehabilitation service for people awaiting 

major elective surgery. The service included a 

multidisciplinary cross-sector team 

undertaking a comprehensive assessment and 

management of risk factors in the weeks prior 

to surgery. Over a year-long pilot period there 

were 159 referrals from five surgical specialities 

and 75 people choose to take part in the 

programme, which was about eight weeks 

long. The initiative was associated with 

improved physical functioning and quality of 

life by the end of the intervention and three 

months after surgery. Patient satisfaction was 

high. The average cost of the intervention was 

£405 per patient, equating to £52 per week. 

Impacts on length of stay were not 

reported.233 

In the US, a prehabilitation programme 

engaged people in four activities prior to 

colon surgery: physical activity, pulmonary 

rehabilitation, nutritional optimisation and 

stress reduction. There was a significant 

reduction in Clavien-Dindo class III to IV 

complications (30% compared with 38% usual 

care, p<0.05). Total hospital charges 

averaged US$75,494 compared with $97,440 

for the usual care group (2018 prices),234  

 

Preoperative exercise programmes 

Exercise is a key component of prehabilitation 

and can take various forms. Here we illustrate 

evidence about exercise programmes prior to 

surgery. 

It is important to bear in mind though that 

exercise programmes vary a great deal. A 

systematic review of eight studies of 

prehabilitation in people undergoing major 

abdominal cancer surgery emphasised 

difficulties interpreting the literature. Most 

studies included low-risk surgical patients and 

there was considerable variation between 

prehabilitation programmes in terms of 

exercise location, supervision, frequency, 

intensity, duration and training type. Most 

studies did not objectively monitor training 

progression or include nutritional or 

psychological support. Studies did not 

examine the impact on postoperative 

complications or people’s wellbeing and 

neither did they explore long-term 

postoperative outcomes.235 

 

Effect on complications and recovery 

Many systematic reviews and individual 

studies have suggested the exercise 

prehabilitation can reduce postoperative pain 

and complications, improve functional 

recovery and quality of life and reduce 

hospital stay amongst people having various 

types of surgery.236,237,238,239,240,241 The effect 

sizes tend to be small to moderate242,243 and 

the quality of studies is diverse, making it 

difficult to draw conclusions.244,245  

For example, a systematic review of 81 studies 

of prehabilitation in people having major 

abdominal surgery or cardiothoracic surgery 

found significantly lower rates of overall 

complications (odds ratio 0.6, 95% CI 0.4 to 

0.9, p<0.05), pulmonary complications (odds 

ratio 0.4, 95% CI 0.2 to 0.7, p<0.05) and 

cardiac complications (odds ratio 0.5, 95% CI 

0.2 to 0.96, p<0.05). However, the reviewers 

said that the evidence was weak because 

there was a lot of variation in the exercise 

regimes.246 
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Another systematic review of 8 trials agreed 

that exercise prehabilitation before major 

abdominal surgery was associated with a 

significant reduction in postoperative 

pulmonary complications (odds ratio 0.4, 95% 

CI 0.2 to 0.7, p<0.05) and overall 

postoperative morbidity (odds ratio 0.5, 95% CI 

0.3 to 0.9, p<0.05). There was no significant 

difference between groups in the length of 

hospital stay. The methodological quality 

varied between studies, most of which were 

small single-centre trials. The reviewers 

concluded that physical exercise programmes 

may reduce postoperative pulmonary 

complications and increase survival 

compared with standard care in people 

undergoing major abdominal surgery.247 

In people with lung cancer, a systematic 

review of 10 randomised trials of exercise 

programmes prior to surgery found a 

reduction in postoperative pulmonary 

complications (risk ratio 0.5, 95% CI 0.4 to 0.7) 

and improved functional outcomes. 

Combining preoperative aerobic, resistance 

and inspiratory muscle training was found to 

be effective if it lasted from one to four weeks 

and comprised one to three sessions per week 

of moderate intensity.248 

A systematic review of six studies of exercise 

prehabilitation for people undergoing 

colorectal surgery found no significant 

difference between groups in the rate of 

complications or length of stay in hospital, but 

exercise was associated with improved 

functional capacity and self-reported physical 

activity after surgery.249 

Another systematic review of 12 studies with 

people undergoing knee surgery identified 

only one randomised controlled trial about 

prehabilitation. This found that prehabilitation 

may reduce the time to return to sport.250 

Not all studies have found benefits. A 

systematic review with five studies in older 

people found no significant reduction in 

postoperative complications or length of 

hospital stay.251 

 

 

Similarly, a review of 33 studies found that no 

dose of physical prehabilitation improved 

quality of life, postoperative functional status, 

readmissions or nursing home placement for 

people undergoing knee or hip surgery for 

arthritis. Prehabilitation of more than 500 

minutes reduced the need for postoperative 

rehabilitation.252 

 

Effect on length of stay 

Several studies have suggested that 

preoperative exercise programmes can 

reduce the length of stay in hospital after 

surgery,253 but others have found no change 

in length of stay. 

A systematic review found that preoperative 

physical activity programmes for people aged 

over 65 having hip or knee surgery reduced 

the length of stay and may help people 

recover more quickly after surgery, though the 

findings were mixed and the quality of 

evidence was poor.254 

Another systematic review of combined 

preoperative aerobic and resistance exercise 

training in people having surgery for cancer 

included ten studies. Exercise prehabilitation 

was associated with improved physical 

capacity after surgery and some domains of 

quality of life. It was also associated with 

reduced length of stay and postoperative 

pulmonary complications in some studies, but 

there was variation in the results here.255 

Another systematic review of 15 randomised 

trials found that prescribed respiratory and 

exercise interventions prior to abdominal 

surgery reduced morbidity (odds ratio 0.6, 95% 

CI 0.5 to 0.9, p<0.05) and pulmonary morbidity 

(odds ratio 0.4, 95% CI 0.2 to 0.7, p<0.05). There 

was no significant difference in length of 

stay.256  
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There may also be practical issues with 

prehabilitation. A small randomised feasibility 

trial in the UK found that 42% of people 

undergoing colorectal surgery who were 

screened were deemed ineligible for exercise 

prehabilitation due to having insufficient time 

prior to their scheduled surgery. Less than one 

in five eligible people agreed to take part 

(18%). Participants did not have shorter length 

of stay than a control group (median 10 vs 8 

days control group).257 

Novel approaches to delivering exercise 

prehabilitation have been tested. A US study 

examined prehabilitation using a telehealth 

system prior to knee surgery. The initiative 

provided exercises, nutritional advice, 

education about home safety and reducing 

medical risks and pain management skills prior 

to surgery. Compared to a group who did not 

use the programme, the prehabilitation group 

had shorter length of stay (2 vs 3 days, p<0.05) 

and more went home without assistance (77% 

vs 43%, p<0.05).258 

 

Effect on healthcare costs 

Many studies do not explore the cost 

implications of preoperative exercise 

programmes,259 but a small amount of 

evidence is available. A cost analysis of a 

randomised trial in Spain found that the 

average cost of endurance exercise 

prehabilitation in high-risk patients undergoing 

major digestive surgery was €389 per patient 

(2019 prices). Prehabilitation did not increase 

the total costs associated with surgery.260 

A systematic review of three trials about spinal 

surgery found that prehabilitation reduced the 

total cost of healthcare spending. 

Prehabilitation that included education 

improved the extent to which people 

reported feeling prepared for surgery and 

their positive outlook about surgery.261 

On the other hand, a systematic review of 22 

studies of preoperative physiotherapy in 

people planning to undergo joint 

replacement surgery found no improvement in 

quality of life, length of stay or total hospital 

cost.262 

 

Effect of prehab plus rehabilitation 

Some studies have explored combining 

prehabilitation with rehabilitation exercise 

after surgery. Findings about the effects on 

complications and healthcare resource use 

are mixed.  

A systematic review found that home-based 

rehabilitation alone or combined with 

prehabilitation had positive trends in reducing 

complications and improving function in 

people with lung cancer, but the quality of 

evidence was low. The most favourable 

components were supervision and 

personalisation.263 

Another systematic review of studies in people 

undergoing surgery for cancers of the 

oesophagus found that exercise 

prehabilitation (inspiratory muscle training) 

was associated with reduced respiratory 

complications. Postoperative rehabilitation 

was associated with improved clinical 

outcomes.264 

In the UK, combined prehabilitation and 

rehabilitation was tested to optimise physical 

status, prepare for the inpatient journey and 

support people through recovery after cancer 

surgery. Interventions included exercise 

classes, smoking cessation, dietary advice 

and patient education. There was no 

significant difference in postoperative 

complications or readmissions due to 

complications, though trends were positive.265 

In Denmark, people having spinal surgery had 

prehabilitation combined with early 

rehabilitation. A randomised trial found that 

the integrated approach meant people 

returned to work earlier and used less primary 

care after discharge. The programme resulted 

in €1,625 less cost per person than 

conventional care (€494 direct costs and 

€1,131 indirect costs, 2008 prices).266  
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Nutritional supplements 

A lack of good nutrition in people having 

surgery has been associated with a higher 

rate of complications and prolonged hospital 

stay. Some have argued that routine 

nutritional assessment may not be undertaken 

due to insufficient awareness among health 

professionals of nutritional problems, a lack of 

collaboration between surgeons and clinical 

nutrition specialists and a lack of dedicated 

resources.267 Interventions have been tested to 

change this. 

 

Nutritional interventions can take various 

forms, including dietary changes and 

supplements for several weeks prior to surgery 

or supplements just before surgery. We 

provide examples of the impact of various 

types of nutritional interventions here. 

 

Effect on complications and recovery  

There are mixed findings about the impact of 

nutritional interventions on postoperative 

complications and recovery, though there are 

positive trends.268  

A systematic review of five randomised trials of 

preoperative oral protein supplements in 

people having colorectal surgery found no 

significant reduction in the overall 

complication rate. Compliance ranged from 

72% to 100%.269 

A systematic review of 14 studies and 15 

reviews of preoperative nutritional 

interventions in people with Crohn’s disease 

found that malnutrition was a major risk factor 

for postoperative complications. Both enteral 

and parenteral nutrition reduced 

postoperative morbidity. The studies included 

various nutritional regimes and provided only 

a modest level of evidence.270 

 

A systematic review about perioperative 

supplementation with probiotics or synbiotics 

for surgical patients included 34 trials. 

Compared to a control group, people taking 

probiotics and synbiotics had a lower rate of 

surgical site infection (relative risk 0.6, 95% CI 

0.5 to 0.8, p<0.05). Probiotics and synbiotics 

also reduced the incidence of other infectious 

complications including any infection, 

pneumonia, urinary tract infection, wound 

infection and sepsis; shortened antibiotic 

therapy, intensive care unit stay and hospital 

stay; and was associated with reduced 

hospital costs. Synbiotics were more effective 

than probiotics.271 

On the other hand, in France a randomised 

trial with people undergoing surgery for liver 

cancer tested perioperative nutrition with 

supplements given three times daily for seven 

days before and three days after surgery. 

There was no improvement in hepatic 

function, immune response or resistance to 

infection.272 

Another trial in France examined 

immunonutrition for people with head and 

neck cancer. A control group received a 

formula without immune nutrients. Another 

group received formula with nutrients before 

surgery, but a placebo after surgery. A third 

group received a formula with nutrients before 

and after surgery. The formulas were available 

for oral or enteral consumption and were 

given for seven days before surgery and for 7-

15 days afterwards. There was no difference 

between groups in infectious complications or 

surgical site infections. Those who had 

consumed at least 75% of the expected 

intake had reduced infections and lower 

median length of postoperative stay, 

suggesting that compliance rates may 

influence some of the less positive findings.273 

In Australia a randomised trial of preoperative 

and/or postoperative immunonutrition found 

no improvement in complications over 

standard nutrition for people with 

oesophageal cancer.274 
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Effect on length of stay 

Some studies have suggested that nutritional 

interventions can reduce the length of 

hospital stay.275 

A systematic review and meta-analysis of 17 

trials found that using the IMPACT nutritional 

formula before and/or after elective surgery 

was associated with significant reductions in 

infectious complications (39% to 61% 

decrease) and length of stay in hospital 

(average reduction 2 days). The greatest 

improvements were associated with people 

receiving specialised nutrition support as part 

of preoperative care.276 

A systematic review included 27 studies about 

nutritional interventions to support colorectal 

cancer surgery within perioperative pathways. 

Patients had solids, liquids or supplements high 

in carbohydrates and immune-nutrients 2 to 8 

hours prior to surgery. The conventional care 

groups usually fasted for between 3 and 12 

hours prior to surgery. The nutritional changes 

were associated with faster bowel recovery, 

fewer infections and shorter hospital stay.277 

A systematic review of 9 studies examined at 

least seven days of nutritional prehabilitation, 

with and without exercise, for people having 

colorectal surgery. Prehabilitation reduced 

the length of hospital stay (weighted mean 

reduction 2.2 days, 95% CI 0.9 to 3.5 day 

reduction, p<0.05). There was some evidence 

that combined nutritional and exercise 

prehabilitation resulted in better functional 

improvements.278 

Not all evidence is positive. In Switzerland, 

morbidly obese people undergoing gastric 

bypass were randomised to usual care or 

carbohydrate loading drinks consumed 12 

and 2 hours before surgery plus immediate 

postoperative peripheral parenteral nutrition. 

There was no difference between groups in 

operative outcomes, complication rates or 

length of stay.279  

 

Effect on healthcare costs 

There is limited evidence about the impact of 

nutritional interventions on healthcare costs, 

but there are some positive trends. 

A systematic review of six studies found that 

immunonutrition was cost-effective in people 

undergoing surgery for cancer.280  

Another review found that immunonutrition for 

people undergoing elective surgery for 

gastrointestinal cancer resulted in savings per 

patient of US$3300 with costs based on a 

reduction in infectious complication rates or 

US$6000 based on reduced length of hospital 

stay (2012 prices).281 A similar review of 43 

studies also found cost benefits for people 

having surgery for gastrointestinal cancer.282 

 

Psychological interventions 

People having surgery may experience stress, 

anxiety and depression after diagnosis of their 

condition and around the time of surgery. 

Various psychological interventions have 

been tested as part of prehabilitation, but the 

evidence about these is relatively sparse.  

A systematic review of 105 studies of 

psychological preparation for surgery in adults 

included procedural information, sensory 

information, cognitive interventions, 

relaxation, hypnosis and emotion-focused 

interventions. Psychological preparation 

techniques were associated with reduced 

postoperative pain and length of stay 

(average reduction 0.5 days, 95% CI 0.2 to 0.8 

day reduction, p<0.05).283 

A systematic review of psychological 

prehabilitation in people having surgery for 

cancer identified seven studies. There was 

improved quality of life and psychological 

outcomes but no change in length of hospital 

stay, complications or mortality.284  

Another systematic review with seven studies 

about orthopaedic surgery found that 

psychoeducation alone was not effective at 

improving patient-reported joint outcomes.285 
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Fatigue is common after surgery and may last 

longer than physical symptoms, delaying a 

return to normal activity. Relaxation 

interventions have been implemented prior to 

surgery to try to address this. In New Zealand, 

a randomised trial tested giving people 

having abdominal surgery a 45-minute 

relaxation session with a psychologist plus CDs 

with relaxation exercises to take home. There 

was no major change in complications or 

healthcare resource use.286 

 

Smoking cessation initiatives 

Smoking is a risk factor for postoperative 

complications and has an impact on longer 

term survival.287,288 Though the evidence is 

conflicting,289,290 people who stop smoking at 

least one month prior to surgery have been 

found to have better postoperative 

outcomes,291,292,293 therefore research has 

explored ways to support smoking cessation 

prior to surgery. 

A number of such studies focus on the extent 

of smoking abstinence rather than the impact 

on postoperative complications or 

costs.294,295,296,297,298,299 Interventions which 

incorporate education, counselling and goal 

setting as well as nicotine replacement 

therapy have been found to be more 

effective than nicotine replacement therapy 

alone.300,301 

There are many descriptions of smoking 

cessation initiatives. For instance, a hospital in 

the UK tested having surgeons refer people to 

smoking cessation services during a 

consultation for suspected head and neck 

cancer. 78% of smokers accepted a referral to 

stop smoking services and almost half of these 

quit or reduced smoking, at least temporarily 

(46%). The researchers concluded that a 

possible diagnosis of cancer provides a 

'teachable moment' to encourage positive 

health behaviour change.302  

In the US an online smoking cessation initiative 

was tested. The e-learning module described 

the benefits of quitting smoking before 

surgery, how to quit and how to cope while 

quitting. Around one quarter of smokers quit 

smoking by the day of surgery and 

maintained this at six-month follow-up (22%).303  

Two hospitals in Canada implemented a ‘stop 

smoking before surgery’ programme. A 

before-and-after study found that this 

programme increased reductions in smoking 

and raised people’s awareness of smoking-

related surgical complications. Before the 

programme, the same proportion of people 

reported being advised to stop smoking, but 

providing surgery-specific resources 

encouraged more people to do so.304  

In Australia, people who smoked 10 or more 

cigarettes per day awaiting non-urgent 

surgery were offered free nicotine patches for 

around five weeks. 39% took up the offer and 

14% used the patches for more than three 

weeks. People offered patches were more 

likely than a control group to attempt to quit, 

but there was no difference in the proportion 

who quit smoking for four or more weeks prior 

to surgery (9% compared to 6% in a control 

group, odds ratio 1.5, 95% CI 0.7 to 3.2, p>0.05) 

or for 24 hours prior to surgery.305 

There are many other similar studies looking at 

rates of smoking cessation, but they do not 

explore the healthcare resource impacts. 

 

Effect on complications 

A small number of studies looked at the 

impact of smoking cessation initiatives prior to 

surgery on complications or resource use, with 

mixed findings. A systematic review of 11 

randomised trials found that smoking 

cessation interventions significantly reduced 

the occurrence of complications after various 

types of surgery (risk ratio 0.6, 95% CI 0.4 to 0.8, 

p<0.05). Intensive interventions were more 

effective than medium to less-intensive 

interventions.306  

In Sweden a randomised trial started smoking 

cessation support four weeks prior to general 

and orthopaedic surgery. The smoking 

cessation group had a lower complication 

rate than usual care (21% vs 41%, p<0.05).307 
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But other studies have mixed findings.308,309 In 

the US smoking cessation support was 

integrated into routine perioperative care in 

an Integrated Health System. Comparing 

before and after implementation found an 

increase in smoking cessation counselling 

referrals (38% vs 3% before, odds ratio 11.1, 

95% CI 3.8 to 32.7, p<0.05). At 30 days after 

discharge, more people were likely to report 

abstaining from smoking since hospital 

discharge and in the past seven days. There 

were no significant differences in surgical 

complications.310 

 

Effect on healthcare resource use 

The evidence about the impact of smoking 

cessation programmes on healthcare costs is 

very mixed. 

A US cost analysis modelled that the total 

direct medical costs for people who 

underwent a preoperative smoking cessation 

programme were on average US$304 lower 

per person than usual care during the first 90 

days after surgery (95% CI $40 to $571, 2017 

prices).311 

However, another US cost-effectiveness 

analysis found that the average 90-day cost 

of care was about the same as usual care for 

people enrolled in a mandatory smoking 

cessation intervention prior to joint 

replacement surgery.312 

Another US study found that those who took 

part in a smoking cessation programme at a 

vascular surgery clinic had decreased 

readmissions up to 30 days after surgery.313  

A systematic review with 32 studies found that 

many initiatives recruited people for smoking 

cessation very near the time of surgery, 

meaning that the benefits may not be 

optimised.314  

Research suggests that barriers to helping 

people stop smoking before surgery are a lack 

of healthcare professional time / prioritisation 

and low staff confidence in their counselling 

abilities.315  

A UK study found that surgeons 

underestimated both the benefits of 

preoperative smoking cessation on outcome 

and the efficacy of smoking cessation 

interventions.316 Another UK study found that 

whilst surgeons may believe that addressing 

smoking would be difficult or unwanted, 

patients often wanted to have smoking 

cessation support integrated into routine 

preoperative care.317 

 

After surgery 

In Sweden smoking cessation was tested whilst 

in hospital after orthopaedic surgery (not pre 

surgery). Those randomised to smoking 

cessation had fewer postoperative 

complications than a control group (20% vs 

38%, p<0.05).318 Other studies have also 

suggested benefits from smoking cessation 

started or rigorously followed-up after 

surgery.319 

 

Reducing alcohol consumption 

Risky drinking is associated with increased 

postoperative complications such as 

infections, cardiopulmonary complications 

and bleeding, 320 but there is relatively little 

research about the impacts of alcohol 

reduction programmes on healthcare 

resource usage. 

A review of perioperative alcohol cessation 

interventions included three randomised trials. 

Interventions were associated with a reduced 

risk of postoperative complications (risk ratio 

0.62, 95% CI 0.40 to 0.96). The reviewers 

concluded that intensive four to eight week 

alcohol cessation interventions for people 

undergoing various types of surgical 

procedures probably reduced the number of 

postoperative complications, but there were 

insufficient data to assess the effect on 

postoperative mortality, length of stay or the 

prevalence of risky drinking in the longer 

term.321 
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Managing conditions 

Another component of perioperative care 

involves supporting people to manage other 

medical conditions that may influence their 

surgical outcomes. For instance, research has 

explored support for people with diabetes 

and integrated older people’s services. There 

are many other examples, but they do not 

usually report on the impact on healthcare 

resource use. 

As the research is sparse it is not possible to 

draw conclusions about the resource use 

benefits of helping people manage their long-

term conditions or other medical needs 

around the time of surgery. Examples of the 

types of research available are provided here 

for illustration. 

 

Diabetes care 

It is uncertain whether interventions to help 

people manage their diabetes before surgery 

impact on healthcare resource use, though 

there are some positive trends.322 Such 

interventions may begin before surgery and 

continue during and afterwards. 

For instance, in England people with diabetes 

having surgery for another reason were given 

a ‘perioperative passport’ containing 

information about diabetes management. 

Compared to a group who did not receive 

the passport, these people were more likely to 

say that they received information about 

diabetes management, that they had helpful 

advice about medication adjustment, that 

they were more involved in planning their 

diabetes care, better prepared to manage 

their diabetes upon discharge and less 

anxious whilst in hospital.323  

In the Netherlands, a before-and-after study in 

six hospitals examined ways to improve 

perioperative care for people with diabetes. 

The initiative included review of baseline 

performance, education for patients and 

professionals and a multidisciplinary protocol. 

There was an increase in the proportion of 

people who had their blood sugar control 

evaluated before (9% increase, p<0.05) and 

after surgery (29% increase, p<0.05).  

 

 

There were no significant changes reported in 

complication rates or healthcare resource 

use.324 

A US programme compared the impact of 

strict (90-120 mg/dL) or liberal (121-180 mg/dL) 

blood sugar control protocols for people with 

diabetes undergoing coronary bypass surgery.  

Over almost a year of follow-up, there were 

no differences in survival or health-related 

quality of life. The researchers concluded that 

liberal blood sugar control strategies before 

and after coronary artery bypass surgery work 

just as well as strict control.325 

Elsewhere in the US, a hospital implemented 

an approach for tight blood sugar control in 

people with diabetes during and after heart 

surgery, including in intensive care. Good 

control was defined as glucose less than 130 

mg/dL for more than 50% of measured time. 

The rate of inflammation of the chest cavity 

decreased from 1.6% to 0% (p<0.05).326 

 

Preventive medications  

Some studies have looked at preventive 

medicines prior to surgery in those with 

specific conditions. A before-and-after 

analysis of implementing a prophylaxis 

guideline about medications such as 

amiodarone, beta-blockers and high-intensity 

statins for people undergoing cardiothoracic 

surgery found greater preventive medication 

use after the guideline was implemented. 

There was no significant difference in length of 

hospital stay or postoperative adverse events, 

but people who were adherent to two or 

three of the medications had reduced 

postoperative atrial fibrillation, length of 

hospital stay and length of intensive care 

stay.327 

In the US, a modelling study at one hospital 

found that between 560 and 801 people at 

risk of heart problems who underwent non-

cardiac surgery per year could benefit from 

beta-blockers. Using beta-blockers was 

estimated to result in 62 to 89 fewer deaths 

per year, saving $US33,661 to $40,210 per year 

(2002 prices).328 
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Initiatives to support older people  

Examples from the UK 

Research has also specifically explored the 

benefits of integrated assessment and care for 

older people.329,330 A systematic review of 218 

studies explored hospital-led multicomponent 

interventions to reduce hospital stay for older 

people undergoing elective procedures. 39 of 

the studies were conducted in the UK and 

focused on effectiveness. Most of the studies 

in the review were about perioperative 

pathways and prehabilitation, predominantly 

in people having colorectal surgery or knee 

replacement surgery. Meta-analysis found 

that perioperative pathways reduced hospital 

stay by an average of 1.5 days among people 

having colorectal surgery and an average of 

5 days in those having upper abdominal 

surgery. The evidence from the UK had very 

mixed study designs so was not quantitatively 

pooled, but had the same trends. Across the 

studies, patient-reported outcomes were not 

frequently reported. 15 varied studies included 

cost and cost-effectiveness evidence and this 

was less conclusive.331 

In the UK, a hospital changed the hip fracture 

pathway from a geriatric consultation service 

to a completely integrated service on a 

dedicated orthogeriatric ward. Analysing data 

for two years before and after this change 

showed that despite an increase in case 

complexity, an integrated older people’s 

pathway reduced the average time to 

surgery (from 42 to 27 hours after hospital 

admission, p<0.05), reduced average length 

of stay in hospital (from 28 to 21 days, p<0.05) 

and reduced 30-day mortality by 22% 

(p<0.05).332 

 

 

 

 

 

 

 

 

Another hospital in the UK introduced a 

structured geriatric liaison service for older 

people undergoing surgery. This comprised a 

daily board round, weekly multidisciplinary 

meeting, targeted geriatrician-led ward 

rounds and a geriatric surgery checklist. The 

length of inpatient stay was reduced by 19% 

(mean 5 vs 4 days, p<0.05) and postoperative 

complications also reduced (risk ratio 0.2, 95% 

CI 0.1 to 0.5, p<0.05).333 

 

International examples 

International studies have found similar trends. 

A systematic review of 24 studies found that 

prehabilitation targeting older people and 

comprehensive geriatric assessment prior to 

surgery was associated with reduced length of 

stay.334 

A hospital in Australia implemented a 

perioperative geriatric service in an acute 

surgical unit. A retrospective before-and-after 

analysis found that having a specific geriatric 

service helped to identify more medical 

complications (14% vs 33%, p<0.05), increase 

geriatric admissions by 32% and increase 

surgical intervention by 11% (p<0.05). There 

was no change in the rate of surgical 

complications, length of hospital stay or 

mortality, despite potentially increased 

complexity.335 

Comprehensive geriatric assessment is a 

multidisciplinary approach to assessing the 

medical, psychosocial and functional 

capabilities and limitations of an older person 

to help establish a treatment and follow-up 

plan. A systematic review of comprehensive 

geriatric assessment for people awaiting 

surgery included eight randomised trials. The 

reviewers suggested that comprehensive 

assessment probably leads to slightly reduced 

length of stay but makes little or no difference 

to readmission rates.336 

 



Care after surgery 

Some components of perioperative care may 

begin after an operation. This section 

summarises examples of initiatives begun 

largely after surgery. We focus on: 

▪ immediate support after surgery 

▪ discharge planning 

▪ follow-up after discharge 

We do not focus on pain medications or other 

pharmacological approaches.  

 

Key findings: care after surgery 

Evidence about the impact on healthcare 

resource use of initiatives begun after surgery 

is relatively sparse. This may be because much 

information about postoperative interventions 

is included in studies about combined 

perioperative pathways.  

We found 34 systematic reviews and other 

studies about initiatives started after surgery. 

The available evidence suggests that: 

▪ more research is needed about the effect 

on complications and healthcare resource 

use of surgical special care units, patient 

education after surgery and early 

mobilisation after surgery. There are some 

positive trends so these interventions may 

be worth exploring further 
 

▪ discharge planning and early supported 

discharge can reduce the length of 

hospital stay, but it may also be 

associated with increased unplanned 

readmissions in some instances if support is 

not available or accessed in the 

community 
 

▪ proactively following up people after 

discharge from hospital may help to 

reduce unplanned readmissions but the 

most effective and cost-effective way to 

do this remains uncertain 

Immediate support 

Postoperative care models 

A systematic review of 21 studies compared 

two different models for delivering 

postoperative care: 1) a two-level model with 

wards plus intensive care units and 2) a three-

level model with wards, surgical special care 

units and intensive care units. Surgical special 

care units are implemented to improve 

surveillance and the management of high-risk 

surgical patients. The review found no overall 

difference in in-hospital mortality, but a higher 

rate of intensive care unit mortality in a three-

level model of care. The reviewers postulated 

that this may be due to lower acuity patients 

being moved from the intensive care unit to 

the surgical special care unit. There was no 

difference in hospital length of stay between 

the models.  Two studies found that surgical 

special care units were associated with 

reduced hospital costs. The reviewers 

emphasised that the quality of evidence was 

varied and that there were many clinical and 

methodological differences between studies. 

They concluded that surgical special care 

units are widespread so there is a need for 

more robust evidence of their impacts.337  
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Supporting pain management 

Various initiatives have been tested to support 

pain management. We have not reviewed 

medications, but we provide some examples 

of other interventions explored to support pain 

management after surgery because pain 

management is a component of many 

perioperative care pathways. 

A systematic review of 15 trials examined 

perioperative psychotherapy for persistent 

post-surgical pain and physical impairment. 

Perioperative education was ineffective but 

active psychotherapy (cognitive-behavioural 

therapy, relaxation therapy or both) reduced 

persistent post-surgical pain and physical 

impairment.338 

A hospital in Ireland tested training nurses as 

‘pain subject matter experts’ to support 

people after major surgery. Feedback from 

patients before and after the introduction of 

the nurse initiative suggested that nurses had 

a positive impact on pain management and 

patients’ pain beliefs, increasing satisfaction 

with care.339 

There is preliminary evidence that 

personalised music programmes implemented 

on postoperative wards can help to reduce 

pain and anxiety after surgery for older 

adults.340 

 

Early mobilisation 

It has been hypothesised that helping people 

get out of bed to walk around as soon as 

possible after surgery may have some 

benefits. A review of early mobilisation on the 

day or day after spinal surgery reported that 

many studies found reduced complications 

and morbidity and a trend towards shorter 

length of stay.341 Early mobilisation is also a 

component of many studies of enhanced 

care pathways, but the effects are not usually 

studied separately. 

 

Postoperative patient education 

Research has also explored the healthcare 

resource impacts of different types of 

postoperative education. For instance, a 

systematic review with eight studies explored 

individualised education and discharge 

planning by nurses after heart surgery. The 

reviewers concluded that providing tailored 

information increases patient self-care and 

empowerment which reduces readmissions.342 

A systematic review of 10 studies found that 

patient education interventions reduced 

readmissions by about 23% amongst people 

undergoing high-risk surgeries.343  

In Norway people having colorectal surgery 

were randomised to receive standard 

education from a nurse or extended 

education and counselling. Both groups 

received care under an integrated 

perioperative pathway. People who received 

extended counselling (before and after 

admission) had shorter length of stay in 

hospital (median 5 vs 7 days, p<0.05). The 

authors hypothesised that perioperative 

counselling encourages patients to comply 

with postoperative elements of the pathway, 

thus reducing the length of hospital stay.344 

In the US, people recovering in hospital from 

heart surgery were provided with iPads 

containing a personalised care plan. The plan 

included daily patient ‘to do’ lists with self-

assessment modules, recovery-related patient 

reported outcomes, an early screen for 

discharge planning and daily pain and 

mobility self-assessments. This was a feasible 

approach, with patients completing 98% of 

the self-assessments. The self-assessments 

predicted length of stay and helped to plan 

for discharge.345 
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Discharge support 

Discharge planning 

Discharge planning to coordinate care has 

been found to reduce healthcare resource 

use in some instances, particularly length of 

hospital stay, but the evidence is mixed and 

some studies have found no economic 

benefits. 

A systematic review with 10 studies found that 

discharge planning reduced readmissions by 

around 12%.346 

A before-and-after analysis found that 

compared to doctor-led discharge, nurse-led 

discharge following laparoscopic surgery was 

associated with increased same day 

discharge (17% vs 5% doctor=led, p<0.05), 

particularly for those who had surgery in the 

morning (44% vs 11%, p<0.05). There was no 

difference between groups in readmission 

rates or the number seeking primary care 

support after discharge.347 Other studies have 

similar findings.348,349 

On the other hand, a systematic review 

included five trials of individualised discharge 

plans for people undergoing surgery 

compared to routine discharge care that was 

not tailored to individual patients. The 

reviewers concluded that individual discharge 

planning may improve patient satisfaction but 

the impact on mortality and other outcomes 

was unclear. There was little evidence that 

discharge planning reduced health service 

costs.350 

 

 

 

Rapid discharge 

A number of operations are performed on a 

day-case basis, whereby people can be 

discharged on the day of surgery. UK studies 

have found that day-case surgery is feasible 

and safe various conditions and that patient 

satisfaction is equal to or greater than those 

who stay in hospital longer.351 

Other countries have also suggested high 

satisfaction and fewer negative clinical 

outcomes from early discharge programmes. 

For instance, a hospital in Canada 

implemented a same-day discharge protocol 

for women undergoing laparoscopic 

hysterectomy. In the year after the protocol 

was introduced, 79% of women were 

discharged the same day compared to 18% 

the year prior, with no changes in 

complications or readmission rates. Patient 

satisfaction was high.352 

A systematic review of early discharge versus 

standard discharge following heart surgery 

included eight studies. Early discharge was not 

associated with increased 30-day mortality or 

need for permanent pacemaker implantation. 

Early discharge patients were less likely to be 

readmitted compared with standard 

discharge patients (odds ratio 0.6, 95% CI 0.4 

to 0.98, p<0.05).353 

However, there are some potential impacts for 

other healthcare sectors. 33% of people 

undergoing day-case laparoscopic 

gallbladder removal in England sought advice 

from primary care within 14 days of their 

operation. The researchers suggested that 

whilst day-case surgery was feasible and 

acceptable, the potential burden for primary 

care providers (and cost to the healthcare 

economy) needed further exploration.354 
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Follow-up support 

Various types of follow-up support may be 

implemented as part of a perioperative care 

pathway after people are discharged from 

hospital. Here we provide a small number of 

examples to illustrate the type of initiatives 

that have been researched. 

Step-down care 

Hospital at home early discharge programmes 

involve active care by healthcare 

professionals in the patient's home for a 

condition that otherwise would require 

hospital inpatient care. A systematic review 

included three randomised trials of hospital at 

home initiatives after elective surgery. On 

average people were discharged from 

hospital four days earlier than those receiving 

usual care. There was no difference in 

readmission rates or mortality. The impact on 

costs was unclear.355 

In the US women received care at home 

following outpatient mastectomy. There were 

no significant differences in emergency 

department visits, reoperation or readmission 

rates as a result.356 

The ‘patient hotel’ model was developed in 

Northern Europe. It combines non-acute 

hospital care with hospitality and can act as 

an interface between hospital and primary 

care. A systematic review identified studies of 

the patient hotel model in perioperative care 

and post-acute rehabilitation, amongst others. 

The approach was associated with reduced 

overall healthcare costs and improved patient 

satisfaction. However, the studies included 

diverse initiatives.357  

 

 

Primary care communication 

Hospital discharge summaries are the main 

way that UK hospitals relay information to 

primary care after surgery. The quality of such 

summaries varies and this may result in primary 

care contacting hospitals for clarification, 

particularly about wound care. A hospital trust 

in England distributed a wound closure 

information document to general practice 

surgeries and tested a patient-held wound 

care card. The intervention improved 

satisfaction amongst primary care 

professionals and reduced follow-up 

appointments or requests for further 

information from secondary care.358 

 

Following up patients 

Other studies have explored ways to follow-up 

patients after discharge. A systematic review 

of 10 studies found that primary care follow-up 

reduced readmissions by 8% for patients after 

high-risk surgeries and home visits reduced 

readmissions by 8%,359 

A hospital in Northern Ireland tested following 

up people who had elective and minor 

emergency surgery. A nurse undertook a 

structured review with the patient six weeks 

after their operation. Telephone follow-ups 

reduced the need for an average of 410 

outpatient appointments per year at this 

hospital, saving £41,509 per annum (2010 

prices). 100% of patients were satisfied with 

the nurse-led telephone review. The 

researchers concluded that nurse-led 

telephone follow-up after surgery is 

acceptable to patients, cost-effective and 

reduces the number of face-to-face 

outpatient reviews needed.360 

In Scotland nurse specialists followed up 

people after colorectal cancer surgery. The 

approach was feasible, efficient, improved 

patient quality of life and was expected to 

demonstrate cost savings.361 
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Examples are also available from outside the 

UK. A randomised trial in the Netherlands 

tested an online perioperative care 

programme aiming to improve 

convalescence and speed women’s return to 

work after gynaecological surgery. Each day 

that the intervention group returned to work 

earlier than the control group was associated 

with cost savings of €56 (2018 prices). The 

researchers stated that on average the costs 

of a day of sickness absence are €230 so the 

care programme was considered cost-

effective until women could return to work.362 

In the US, people undergoing hip and knee 

replacements used an automated digital 

patient engagement platform that provided 

guidance and remote monitoring. A before-

and-after comparison found that the 

automated support system reduced the cost 

of follow-up care and complication rates.363 

In the US, people who had knee or hip 

replacement received automated text 

messages after surgery. A randomised trial 

found that the text message group exercised 

for longer each day, stopped narcotic pain 

relief 10 days sooner and made fewer 

telephone calls to the surgeon’s office 

compared to those who received 

conventional patient education alone.364 

 

Rehabilitation 

Various types of rehabilitation programmes 

have been found to improve patient 

satisfaction and functioning after surgery, 

whether begun in hospital or in the 

community.365,366 However many studies have 

found limited benefits for healthcare resource 

use.  

In Denmark an accelerated and intensive 

rehabilitation programme was found to be 

cost saving compared to usual care for hip 

and knee replacement surgery (average cost 

reduction US$4000 per person, 2009 prices).367 

But many studies have found limited benefits 

and not been able to differentiate between 

types of rehabilitation.368 A systematic review 

with seventeen trials of post-discharge 

interventions to reduce the severity of chronic 

pain after knee replacement included studies 

about physiotherapy interventions, nurse-led 

interventions, multidisciplinary support and 

neuromuscular electrical stimulation. No 

intervention was associated with improved 

long-term pain outcomes and no type of 

physiotherapy was more effective than 

others.369 

A systematic review of 22 trials of rehabilitation 

after spine surgery found that rehabilitation 

programmes begun immediately after surgery 

were not more effective than their control 

interventions, which included exercise. There 

were no differences between specific 

rehabilitation programmes such as 

multidisciplinary care, behavioural graded 

activity, strength training and stretching that 

started four to six weeks after surgery.370 

In the US people having vocal fold cysts 

removed had surgery with or without 

postoperative voice therapy. A small before-

and-after analysis found that postoperative 

voice therapy did not improve outcomes over 

surgical removal alone.371 
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Summary 

Impacts 

This rapid review suggests that perioperative 

care can have clinical benefits for patients 

and improve healthcare resource use, 

particularly the length of hospital stay. 

Research has highlighted benefits across 

various types of surgery. However, there are 

mixed findings about some types of 

interventions. 

The strongest and most consistent evidence is 

available about the following interventions 

▪ perioperative pathways 

▪ prehabilitation, particularly 

programmes including exercise 

alongside other initiatives  

These interventions have been associated 

with reduced complications after surgery as 

well as reduced length of hospital stay. Both 

things may affect healthcare costs. However, 

the economic impact varies and the overall 

quality and quantity of evidence about 

healthcare costs and savings needs to be 

strengthened for most interventions. The 

evidence about the economic impact of 

perioperative care in the UK is almost non-

existent.  

At the time of writing there is little research 

about the impact of COVID-19 on the 

outcomes and feasibility of perioperative 

care. A scoping review of studies about 

surgery and COVID-19 found that several 

perioperative guidelines have been issued 

recently, many with contradictory suggestions. 

The reviewers found that, as yet, there is little 

empirical data about how COVID-19 has 

affected people needing surgery or their 

perioperative care nor about the role that 

such care could play in future pandemic 

planning, owing to its cross-cutting nature 

across health systems.372  

Effective components 

Perioperative care initiatives vary widely, but 

effective interventions typically share some 

common components. These include 

infrastructure investment, strong leadership, 

cooperation across a multidisciplinary team, a 

person-centred approach with patient 

education and shared decision-making, 

standardised protocols and documentation, 

and monitoring to review improvements and 

share learning.373,374,375,376,377 Preoperative 

education and counselling, physical 

conditioning, avoiding excessive alcohol and 

smoking, good nutrition and having patients 

out of bed and walking around within 24 hours 

of surgery may be particularly effective 

elements for reducing length of 

stay.378,379,380,381,382 The relative value of each 

component has not been studied robustly.383 

There are some caveats about the available 

evidence, not least of which deciding what 

‘counts’ as perioperative care. Many of the 

interventions included in pathways include 

changes to medications or surgical 

techniques, rather than multidisciplinary care 

before, during and after surgery.384 Much of 

the evidence is about surgery in adults, rather 

than in children.385 

Even recognising these issues with definitions, 

scope and the limited information about cost 

impacts, this review suggests that 

perioperative care initiatives can reduce 

complications and length of stay in a range of 

different types of surgery.  

Many components of the perioperative care 

pathway already exist within the NHS. Our 

rapid review suggests that drawing on and 

strengthening these existing skills and services 

further has the potential to improve the health 

and satisfaction of people having surgery and 

better use NHS resources.



References 

 
1  Alkire BC, Shrime MG, Dare AJ, Vincent JR, Meara JG. Global economic consequences of selected 

surgical diseases: a modelling study. Lancet Glob Health 2015; 3(Suppl 2): S21-7. 

2  Abbott TEF, Fowler AJ, Dobbs TD, Harrison EM, Gillies MA, Pearse RM. Frequency of surgical treatment and 

related hospital procedures in the UK: a national ecological study using hospital episode statistics. BJA 

2017; 119(2):249-57. 

3  Ghaferi AA, Birkmeyer JD, Dimick JB. Variation in hospital mortality associated with inpatient surgery. N Engl 

J Med 2009;361(14):1368-75. 

4  Royal College of Anaesthetists. Perioperative medicine. The pathway to better surgical care. London: 

Royal College of Anaesthetists, 2015. 

5  Australian and New Zealand College of Anaesthetists@ http://www.anzca.edu.au/about-

anzca/perioperative-medicine 

6  https://www.longtermplan.nhs.uk/ 

7  https://www.health-ni.gov.uk/publications/health-and-wellbeing-2026-delivering-together 

8  https://www.realisticmedicine.scot/ 

9  https://gov.wales/prudent-healthcare 
10  Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, Brunelli A, Cerfolio RJ, Gonzalez M, Ljungqvist O, 

Petersen RH, Popescu WM, Slinger PD, Naidu B. Guidelines for enhanced recovery after lung surgery: 

recommendations of the Enhanced Recovery After Surgery (ERAS®) Society and the European Society of 

Thoracic Surgeons (ESTS). Eur J Cardiothorac Surg 2019;55(1):91-115. 

11  Ibrahim MS, Alazzawi S, Nizam I, Haddad FS. An evidence-based review of enhanced recovery 

interventions in knee replacement surgery. Ann R Coll Surg Engl 2013;95(6):386-9. 

12  Kash BA, Zhang Y, Cline KM, Menser T, Miller TR. The perioperative surgical home (PSH): a comprehensive 

review of US and non-US studies shows predominantly positive quality and cost outcomes. Milbank Q 

2014;92(4):796-821. 

13  Walter CJ, Smith A, Guillou P. Perceptions of the application of fast-track surgical principles by general 

surgeons. Ann R Coll Surg Engl 2006;88(2):191-5. 

14  Dawson-Bowling SJ, Jha S, Chettiar KK, East DJ, Gould GC, Apthorp HD. A multidisciplinary enhanced 

recovery programme allows discharge within two days of total hip replacement; three- to five-year results 

of 100 patients. Hip Int 2014;24(2):167-74. 

15  Sivaganesan A, Wick JB, Chotai S, Cherkesky C, Stephens BF, Devin CJ. Perioperative protocol for elective 

spine surgery is associated with reduced length of stay and complications. J Am Acad Orthop Surg 

2019;27(5):183-9. 

16  Bisch SP, Wells T, Gramlich L, Faris P, Wang X, Tran DT, Thanh NX, Glaze S, Chu P, Ghatage P, Nation J, 

Capstick V, Steed H, Sabourin J, Nelson G. Enhanced Recovery After Surgery (ERAS) in gynecologic 

oncology: System-wide implementation and audit leads to improved value and patient outcomes. 

Gynecol Oncol 2018;151(1):117-23. 

17  Qiu C, Cannesson M, Morkos A, Nguyen VT, LaPlace D, Trivedi NS, Khachatourians A, Rinehart J, Kain ZN. 

Practice and outcomes of the perioperative surgical home in a california integrated delivery system. 

Anesth Analg 2016;123(3):597-606. 

18  Labgaa I, Jarrar G, Joliat GR, Allemann P, Gander S, Blanc C, Hübner M, Demartines N. Implementation of 

Enhanced Recovery (ERAS) in colorectal surgery has a positive impact on Non-ERAS liver surgery patients. 

World J Surg 2016;40(5):1082-91.  

19  Tang C, Xu Z, Yi X, Li P, He H, Zhang Z, Shen T, Liu X, Zhou Y, Zhou W. Fast track surgery vs. conventional 

management in the perioperative care of retroperitoneal laparoscopic adrenalectomy. Int J Clin Exp Med 

2015 15;8(9):16207-14. 

20  Dhruva Rao PK, Howells S, Haray PN. Does an enhanced recovery programme add value to laparoscopic 

colorectal resections? Int J Colorectal Dis. 2015;30(11):1473-7. 

21  Stambough JB, Nunley RM, Curry MC, Steger-May K, Clohisy JC. Rapid recovery protocols for primary total 

hip arthroplasty can safely reduce length of stay without increasing readmissions. J Arthroplasty 

2015;30(4):521-6. 

22  Hammond JS, Humphries S, Simson N, Scrimshaw H, Catton J, Gornall C, Maxwell-Armstrong C. Adherence 

to enhanced recovery after surgery protocols across a high-volume gastrointestinal surgical service. Dig 

Surg 2014;31(2):117-22. 

 

http://www.anzca.edu.au/about-anzca/perioperative-medicine
http://www.anzca.edu.au/about-anzca/perioperative-medicine
https://www.longtermplan.nhs.uk/
https://www.health-ni.gov.uk/publications/health-and-wellbeing-2026-delivering-together
https://www.realisticmedicine.scot/
https://gov.wales/prudent-healthcare


 
 

39 
 

 
23  Mallmann C, Drinhaus H, Fuchs H, Schiffmann LM, Cleff C, Schönau E, Bruns CJ, Annecke T, Schröder W. 

Perioperative enhanced recovery after surgery program for Ivor Lewis esophagectomy : First experiences 

of a high-volume center. Chirurg (Published online ahead of print June 2020).  

24  Shinnick JK, Ruhotina M, Has P, Kelly BJ, Brousseau EC, O'Brien J, Peahl AF. Enhanced recovery after surgery 

for cesarean delivery decreases length of hospital stay and opioid consumption: a quality improvement 

initiative. Am J Perinatol (Published online ahead of print June 2020).  
25  Garson L, Schwarzkopf R, Vakharia S, Alexander B, Stead S, Cannesson M, Kain Z. Implementation of a total 

joint replacement-focused perioperative surgical home: a management case report. Anesth Analg 

2014;118(5):1081-9. 

26  Tang J, Humes DJ, Gemmil E, Welch NT, Parsons SL, Catton JA. Reduction in length of stay for patients 

undergoing oesophageal and gastric resections with implementation of enhanced recovery packages. 

Ann R Coll Surg Engl 2013;95(5):323-8. 

27  Ng JWG, Smith C, Ilo K, Beavis S, Terry L, Ali F, Chandrasenan J. Dedicated peri-operative pathway 

improved day case discharge rate for anterior cruciate ligament reconstructions. Eur J Orthop Surg 

Traumatol 2019;29(3):639-44. 

28  Tebala GD, Keane S, Osman A, Ip M, Khan AQ, Perrone L. Early discharge after colorectal resection: the 

positive impact of an enhanced recovery program on a rural colorectal surgery service. Surg Laparosc 

Endosc Percutan Tech 2016;26(6):e137-e144. 

29  Chand M, De'Ath HD, Rasheed S, Mehta C, Bromilow J, Qureshi T. The influence of peri-operative factors for 

accelerated discharge following laparoscopic colorectal surgery when combined with an enhanced 

recovery after surgery (ERAS) pathway. Int J Surg 2016;25:59-63.  

30  Ahmed OS, Rogers AC, Bolger JC, Mastrosimone A, Robb WB. Meta-analysis of enhanced recovery 

protocols in bariatric surgery. J Gastrointest Surg 2018;22(6):964-72. 

31  Rove KO, Brockel MA, Saltzman AF, Dönmez MI, Brodie KE, Chalmers DJ, Caldwell BT, Vemulakonda VM, 

Wilcox DT. Prospective study of enhanced recovery after surgery protocol in children undergoing 

reconstructive operations. J Pediatr Urol 2018;14(3):252.e1-252.e9. 

32  Walter CJ, Watson JT, Pullan RD, Kenefick NJ, Mitchell SJ, Defriend DJ. Enhanced recovery in major 

colorectal surgery: safety and efficacy in an unselected surgical population at a UK district general 

hospital. Surgeon 2011;9(5):259-64. 

33  Stephen AE, Berger DL. Shortened length of stay and hospital cost reduction with implementation of an 

accelerated clinical care pathway after elective colon resection. Surgery 2003;133(3):277-82. 

34  Leahy I, Johnson C, Staffa SJ, Rahbar R, Ferrari LR. Implementing a pediatric perioperative surgical home 

integrated care coordination pathway for laryngeal cleft repair. Anesth Analg 2019;129(4):1053-60. 

35  Raman VT, Tumin D, Uffman J, Thung AK, Burrier C, Jatana KR, Elmaraghy C, Tobias JD. Implementation of a 

perioperative surgical home protocol for pediatric patients presenting for adenoidectomy. Int J Pediatr 

Otorhinolaryngol 2017;101:215-22.  

36  Qiu C, Cannesson M, Morkos A, Nguyen VT, LaPlace D, Trivedi NS, Khachatourians A, Rinehart J, Kain ZN. 

Practice and outcomes of the perioperative surgical home in a California integrated delivery system. 

Anesth Analg 2016;123(3):597-606. 

37  Staartjes VE, de Wispelaere MP, Schröder ML. Improving recovery after elective degenerative spine 

surgery: 5-year experience with an enhanced recovery after surgery (ERAS) protocol. Neurosurg Focus 

2019;46(4):E7. 

38  Berian JR, Ban KA, Liu JB, Sullivan CL, Ko CY, Thacker JKM, Feldman LS. Association of an enhanced 

recovery pilot with length of stay in the national surgical quality improvement program. JAMA Surg 

2018;153(4):358-65. 

39  Debono B, Corniola MV, Pietton R, Sabatier P, Hamel O, Tessitore E. Benefits of enhanced recovery after 

surgery for fusion in degenerative spine surgery: impact on outcome, length of stay, and patient 

satisfaction. Neurosurg Focus 2019;46(4):E6. 

40  Judge A, Carr A, Price A, Garriga C, Cooper C, Prieto-Alhambra D, Old F, Peat G, Murphy J, Leal J, Barker 

K, Underdown L, Arden N, Gooberman-Hill R, Fitzpatrick R, Drew S, Pritchard MG. The impact of the 

enhanced recovery pathway and other factors on outcomes and costs following hip and knee 

replacement: routine data study. Southampton: NIHR Journals Library; 2020. 

41  Wood T, Aarts MA, Okrainec A, Pearsall E, Victor JC, McKenzie M, Rotstein O, McLeod RS. Emergency room 

visits and readmissions following implementation of an enhanced recovery after surgery (iERAS) Program. J 

Gastrointest Surg 2018;22(2):259-66. 

42  Bowden SJ, Dooley W, Hanrahan J, Kanu C, Halder S, Cormack C, O'Dwyer S, Singh N. Fast-track pathway 

for elective caesarean section: a quality improvement initiative to promote day 1 discharge. BMJ Open 

Qual 2019;8(2):e000465. 

43  Debono B, Sabatier P, Boniface G, Bousquet P, Lescure JP, Garnaud V, Hamel O, Lonjon G. 

Implementation of enhanced recovery after surgery (ERAS) protocol for anterior cervical discectomy and 

fusion: a propensity score-matched analysis. Eur Spine J (Published online ahead of print May 2020).  



 
 

40 
 

 
44  Sweeney AB, Flora HS, Chaloner EJ, Buckland J, Morrice C, Barker SG. Integrated care pathways for 

vascular surgery: an analysis of the first 18 months. Postgrad Med J 2002;78(917):175-7. 

45  Mendivil AA, Busch JR, Richards DC, Vittori H, Goldstein BH. The impact of an Enhanced Recovery After 

Surgery program on patients treated for gynecologic cancer in the community hospital setting. Int J 

Gynecol Cancer 2018;28(3):581-585.  

46  Gritti P, Sgarzi M, Carrara B, Lanterna LA, Novellino L, Spinelli L, Khotcholava M, Poli G, Lorini FL, Sonzogni V. 

A standardized protocol for the perioperative management of myasthenia gravis patients. Experience with 

110 patients. Acta Anaesthesiol Scand 2012;56(1):66-75. 

47  Landais A, Morel M, Goldstein J, Loriau J, Fresnel A, Chevalier C, Rejasse G, Alfonsi P, Ecoffey C. Evaluation 

of financial burden following complications after major surgery in France: Potential return after 

perioperative goal-directed therapy. Anaesth Crit Care Pain Med 2017;36(3):151-5. 

48  Stone AB, Grant MC, Pio Roda C, Hobson D, Pawlik T, Wu CL, Wick EC. Implementation costs of an 

enhanced recovery after surgery program in the United States: a financial model and sensitivity analysis 

based on experiences at a quaternary academic medical center. J Am Coll Surg 2016;222(3):219-25. 

49  Stowers MD, Lemanu DP, Hill AG. Health economics in enhanced recovery after surgery programs. Can J 

Anaesth 2015;62(2):219-30.  

50  Lee L, Mata J, Ghitulescu GA, Boutros M, Charlebois P, Stein B, Liberman AS, Fried GM, Morin N, Carli F, 

Latimer E, Feldman LS. Cost-effectiveness of enhanced recovery versus conventional perioperative 

management for colorectal surgery. Ann Surg 2015;262(6):1026-33.  

51   Duncan CM, Moeschler SM, Horlocker TT, Hanssen AD, Hebl JR. A self-paired comparison of perioperative 

outcomes before and after implementation of a clinical pathway in patients undergoing total knee 

arthroplasty. Reg Anesth Pain Med 2013;38(6):533-8. 

52  Ronellenfitsch U, Rössner E, Jakob J, Post S, Hohenberger P, Schwarzbach M. Clinical Pathways in surgery: 

should we introduce them into clinical routine? A review article. Langenbecks Arch Surg 2008;393(4):449-

57.  

53  Kim E, Lee B, Cucchiaro G. Perioperative surgical home: evaluation of a new protocol focused on a 

multidisciplinary approach to manage children undergoing posterior spinal fusion operation. Anesth Analg 

2017;125(3):812-9. 

54  Englesbe MJ, Grenda DR, Sullivan JA, Derstine BA, Kenney BN, Sheetz KH, Palazzolo WC, Wang NC, Goulson 

RL, Lee JS, Wang SC. The Michigan Surgical Home and Optimization Program is a scalable model to 

improve care and reduce costs. Surgery 2017;161(6):1659-66.  

55  Raphael DR, Cannesson M, Schwarzkopf R, Garson LM, Vakharia SB, Gupta R, Kain ZN. Total joint 

perioperative surgical home: an observational financial review. Perioper Med 2014;3:6. 

56  Baimas-George M, Cochran A, Tezber K, Russell C Kirks, Valerie Addor, Erin Baker, John Martinie, David 

Iannitti, Dionisios Vrochides. A 2-year experience with enhanced recovery after surgery: evaluation of 

compliance and outcomes in pancreatic surgery. J Nurs Care Qual (Published online ahead of print April 

2020).  

57  Gholve PA, Kosygan KP, Sturdee SW, Faraj AA. Multidisciplinary integrated care pathway for fractured neck 

of femur. A prospective trial with improved outcome. Injury 2005;36(1):93-8. 

58  Ahmed K, Khan N, Anderson D, Watkiss J, Challacombe B, Khan MS, Dasgupta P, Cahill D. Introducing the 

productive operating theatre programme in urology theatre suites. Urol Int 2013;90(4):417-21.  

59  Dutton J, Wadhwa A, Morton JM. ERAS protocols in bariatric surgery: a systematic review. Int Anesthesiol 

Clin 2020;58(3):29-33. 
60   Gritti P, Sgarzi M, Carrara B, Lanterna LA, Novellino L, Spinelli L, Khotcholava M, Poli G, Lorini FL, Sonzogni V. 

A standardized protocol for the perioperative management of myasthenia gravis patients. Experience with 

110 patients. Acta Anaesthesiol Scand 2012;56(1):66-75. 

61   Vetter TR, Barman J, Hunter JM Jr, Jones KA, Pittet JF. The effect of implementation of preoperative and 

postoperative care elements of a perioperative surgical home model on outcomes in patients undergoing 

hip arthroplasty or knee arthroplasty. Anesth Analg 2017;124(5):1450-8. 

62  Williams JB, McConnell G, Allender JE, Woltz P, Kane K, Smith PK, Engelman DT, Bradford WT. One-year 

results from the first US-based enhanced recovery after cardiac surgery (ERAS Cardiac) program. J Thorac 

Cardiovasc Surg 2019;157(5):1881-8. 

63  Bertelsen C, Hur K, Nurimba M, Choi J, Acevedo JR, Jackanich A, Sinha UK, Kochhar A, Kokot N, Swanson 

M. Enhanced recovery after surgery-based perioperative protocol for head and neck free flap 

reconstruction. OTO Open 2020;4(2):2473974X20931037. 

64  Portinari M, Ascanelli S, Targa S, Dos Santos Valgode EM, Bonvento B, Vagnoni E, Camerani S, Verri M, Volta 

CA, Feo CV. Impact of a colorectal enhanced recovery program implementation on clinical outcomes 

and institutional costs: A prospective cohort study with retrospective control. Int J Surg 2018;53:206-13. 

65   Pearson KL, Hall NJ. What is the role of enhanced recovery after surgery in children? A scoping review. 

Pediatr Surg Int 2017;33(1):43-51. 

 



 
 

41 
 

 
66  Thomson K, Pestieau SR, Patel JJ, Gordish-Dressman H, Mirzada A, Kain ZN, Oetgen ME. Perioperative 

surgical home in pediatric settings: preliminary results. Anesth Analg 2016;123(5):1193-200. 

67  Pecorelli N, Balvardi S, Liberman AS, Charlebois P, Stein B, Carli F, Feldman LS, Fiore JF Jr. Does adherence 

to perioperative enhanced recovery pathway elements influence patient-reported recovery following 

colorectal resection? Surg Endosc 2019;33(11):3806-15. 

68  Bartlett EL, Zavlin D, Friedman JD, Abdollahi A, Rappaport NH. Enhanced Recovery After Surgery: the 

plastic surgery paradigm shift. Aesthet Surg J 2018;38(6):676-685.  

69  Grant MC, Galante DJ, Hobson DB, Lavezza A, Friedman M, Wu CL, Wick EC. Optimizing an Enhanced 

Recovery Pathway program: development of a postimplementation audit strategy. Jt Comm J Qual 

Patient Saf 2017;43(10):524-33. 

70  Zargar-Shoshtari K, Paddison JS, Booth RJ, Hill AG. A prospective study on the influence of a fast-track 

program on postoperative fatigue and functional recovery after major colonic surgery. J Surg Res 

2009;154(2):330-5. 

71   Zargar-Shoshtari K, Paddison JS, Booth RJ, Hill AG. A prospective study on the influence of a fast-track 

program on postoperative fatigue and functional recovery after major colonic surgery. J Surg Res 

2009;154(2):330-5. 

72  Greer NL, Gunnar WP, Dahm P, Lee AE, MacDonald R, Shaukat A, Sultan S, Wilt TJ. Enhanced recovery 

protocols for adults undergoing colorectal surgery: a systematic review and meta-analysis. Dis Colon 

Rectum 2018;61(9):1108-18.J 

73  Clark BS, Swanson M, Widjaja W, Cameron B, Yu V, Ershova K, Wu FM, Vanstrum EB, Ulloa R, Heng A, 

Nurimba M, Kokot N, Kochhar A, Sinha UK, Kim MP, Dickerson S. ERAS for head and neck tissue transfer 

reduces opioid usage, peak pain scores, and blood utilization. Laryngoscope (Published online ahead of 

print June 2020). 
74  Townsend WB, Worrilow WM, Robinson MM, Beano H, Parker B, Gaston KE, Clark PE, Riggs SB. 

Implementation of a dedicated enhanced recovery after surgery (eras) program for radical cystectomy 

patients is associated with decreased postoperative inpatient opioid usage and pain scores. Urology 

(Published online ahead of print May 2020). 
75  Kapritsou M, Papathanassoglou ED, Konstantinou EA, Korkolis DP, Mpouzika M, Kaklamanos I, 

Giannakopoulou M. Effects of the enhanced recovery program on the recovery and stress response in 

patients with cancer undergoing pancreatoduodenectomy. Gastroenterol Nurs 2020;43(2):146-55. 

76  Kamal YA, Hassanein A. Do perioperative protocols of enhanced recovery after cardiac surgery improve 

postoperative outcome? Interact Cardiovasc Thorac Surg 2020;30(5):706-10. 
77  Barbero-Mielgo M, García-Fernández J, Alonso-Menarguez B, Román BSA, Molnar V, Gilsanz-Rodríguez F. [Is 

postoperative acute pain control in colorectal surgery better within an enhanced recovery after surgery 

program (ERAS)?]. J Healthc Qual Res 2020;35(2):65-72. 
78  Rice D, Rodriguez-Restrepo A, Mena G, Cata J, Thall P, Milton D, Correa A, Woodard T, Antonoff M, 

Hofstetter W, Roth J, Sepesi B, Swisher S, Walsh G, Vaporciyan A, Mehran R. Matched pairs comparison of 

an enhanced recovery pathway versus conventional management on opioid exposure and pain control 

in patients undergoing lung surgery. Ann Surg (Published online ahead of print March 2020).  
79  Gholve PA, Kosygan KP, Sturdee SW, Faraj AA. Multidisciplinary integrated care pathway for fractured neck 

of femur. A prospective trial with improved outcome. Injury 2005;36(1):93-8. 

80  Quiram BJ, Crippa J, Grass F, Lovely JK, Behm KT, Colibaseanu DT, Merchea A, Kelley SR, Harmsen WS, 

Larson DW. Impact of enhanced recovery on oncological outcomes following minimally invasive surgery 

for rectal cancer. Br J Surg 2019;106(7):922-9.  

81   Pucher PH, Aggarwal R, Singh P, Darzi A. Enhancing surgical performance outcomes through process-

driven care: a systematic review. World J Surg 2014;38(6):1362-73. 

82  Jones EL, Wainwright TW, Foster JD, Smith JR, Middleton RG, Francis NK. A systematic review of patient 

reported outcomes and patient experience in enhanced recovery after orthopaedic surgery. Ann R Coll 

Surg Engl 2014;96(2):89-94. 

83  Letton C, Cheung C, Nordin A. Does an enhanced recovery integrated care pathway (ICP) encourage 

adherence to prescribing guidelines, accelerate postoperative recovery and reduce the length of stay for 

gynaecological oncology patients? J Obstet Gynaecol 2013;33(3):296-7. 

84  Powell AC, Thearle MS, Cusick M, Sanderson DJ, Van Lew H, Lee C, Kieran JA. Early results of a surgeon-led, 

perioperative surgical home. J Surg Res 2017;211:154-62. 

85   Mudumbai SC, Walters TL, Howard SK, Kim TE, Lochbaum GM, Memtsoudis SG, Kain ZN, Kou A, King R, 

Mariano ER. The Perioperative Surgical Home model facilitates change implementation in anesthetic 

technique within a clinical pathway for total knee arthroplasty. Healthc 2016;4(4):334-9. 

86  Liu VX, Rosas E, Hwang J, Cain E, Foss-Durant A, Clopp M, Huang M, Lee DC, Mustille A, Kipnis P, Parodi S. 

Enhanced recovery after surgery program implementation in 2 surgical populations in an integrated health 

care delivery system. JAMA Surg 2017;152(7):e171032.  

 



 
 

42 
 

 
87  D’Souza K, Choi JI, Wootton J, Wallace T. Impact of sequential implementation of multimodal 

perioperative care pathways on colorectal surgical outcomes. Can J Surg 2019;62(1):25-32. 

88  Lee L, Liberman S, Charlebois P, Stein B, Kaneva P, Carli F, Feldman LS. The impact of complications after 

elective colorectal resection within an enhanced recovery pathway. Tech Coloproctol 2018;22(3):191-9.  

89   Miller TE, Thacker JK, White WD, Mantyh C, Migaly J, Jin J, Roche AM, Eisenstein EL, Edwards R, Anstrom KJ, 

Moon RE, Gan TJ. Reduced length of hospital stay in colorectal surgery after implementation of an 

enhanced recovery protocol. Anesth Analg 2014;118(5):1052-61. 

90  McDonald SR, Heflin MT, Whitson HE, Dalton TO, Lidsky ME, Liu P, Poer CM, Sloane R, Thacker JK, White HK, 

Yanamadala M, Lagoo-Deenadayalan SA. Association of integrated care coordination with postsurgical 

outcomes in high-risk older adults: the perioperative optimization of senior health (POSH) initiative. JAMA 

Surg 2018;153(5):454-62. 

91  Friedman GN, Benton JA, Echt M, De la Garza Ramos R, Shin JH, Coumans JCE, Yassari R, Leveque JC, Sethi 

RK, Yanamadala V. Multidisciplinary approaches to complication reduction in complex spine surgery: a 

systematic review. Spine J (Published online ahead of print April 2020).  

92   de Groot JJ, Ament SM, Maessen JM, Dejong CH, Kleijnen JM, Slangen BF. Enhanced recovery pathways in 

abdominal gynecologic surgery: a systematic review and meta-analysis. Acta Obstet Gynecol Scand 

2016;95(4):382-95. 

93  Ostermann S, Morel P, Chalé JJ, Bucher P, Konrad B, Meier RPH, Ris F, Schiffer ERC. Randomized controlled 

trial of enhanced recovery program dedicated to elderly patients after colorectal surgery. Dis Colon 

Rectum 2019;62(9):1105-16. 

94  Iniesta MD, Lasala J, Mena G, Rodriguez-Restrepo A, Salvo G, Pitcher B, Washington LD, Harris M, Meyer LA, 

Ramirez PT. Impact of compliance with an enhanced recovery after surgery pathway on patient 

outcomes in open gynecologic surgery. Int J Gynecol Cancer 2019;29(9):1417-24. 

95  Kim KY, Anoushiravani AA, Chen KK, Li R, Bosco JA, Slover JD, Iorio R. Perioperative orthopedic surgical 

home: optimizing total joint arthroplasty candidates and preventing readmission. J Arthroplasty 

2019;34(7S):S91-6. 

96  Fitzgerald SJ, Palmer TC, Kraay MJ. Improved perioperative care of elective joint replacement patients: the 

impact of an orthopedic perioperative hospitalist. J Arthroplasty 2018;33(8):2387-91. 

97  Odor PM, Bampoe S, Gilhooly D, Creagh-Brown B, Moonesinghe SR. Perioperative interventions for 

prevention of postoperative pulmonary complications: systematic review and meta-analysis. BMJ 

2020;368:m540. 

98  Tan JKH, Ang JJ, Chan DKH. Enhanced recovery program versus conventional care after colorectal surgery 

in the geriatric population: a systematic review and meta-analysis. Surg Endosc (Published online ahead of 

print May 2020). 
99  Sun YM, Wang Y, Mao YX, Wang W. The safety and feasibility of enhanced recovery after surgery in 

patients undergoing pancreaticoduodenectomy: an updated meta-analysis. Biomed Res Int 

2020;2020:7401276. 
100  Rouanet P, Mermoud A, Jarlier M, Bouazza N, Laine A, Mathieu Daudé H. Combined robotic approach 

and enhanced recovery after surgery pathway for optimization of costs in patients undergoing 

proctectomy. BJS Open 2020;4(3):516-23. 

101  Roulin D, Melloul E, Wellg BE, Izbicki J, Vrochides D, Adham M, Hübner M, Demartines N. Feasibility of an 

Enhanced Recovery Protocol for Elective Pancreatoduodenectomy: A multicenter international cohort 

study. World J Surg (Published online ahead of print April 2020). 

102  Garfinkle R, Boutros M, Ghitulescu G, Vasilevsky CA, Charlebois P, Liberman S, Stein B, Feldman LS, Lee L. 

Clinical and economic impact of an enhanced recovery pathway for open and laparoscopic rectal 

surgery. J Laparoendosc Adv Surg Tech A 2018;28(7):811-8.  

103  Tebala GD, Keane S, Osman A, Ip M, Khan AQ, Perrone L. Early discharge after colorectal resection: the 

positive impact of an enhanced recovery program on a rural colorectal surgery service. Surg Laparosc 

Endosc Percutan Tech 2016;26(6):e137-e144. 

104   Keenan JE, Speicher PJ, Nussbaum DP, Adam MA, Miller TE, Mantyh CR, Thacker JK. Improving outcomes in 

colorectal surgery by sequential implementation of multiple standardized care programs. J Am Coll Surg 

2015;221(2):404-14.e1. 

105  Braga M, Pecorelli N, Ariotti R, Capretti G, Greco M, Balzano G, Castoldi R, Beretta L. Enhanced recovery 

after surgery pathway in patients undergoing pancreaticoduodenectomy. World J Surg 2014;38(11):2960-6.  

106  Elliott JA, Patel VM, Kirresh A, Ashrafian H, Le Roux CW, Olbers T, Athanasiou T, Zacharakis E. Fast-track 

laparoscopic bariatric surgery: a systematic review. Updates Surg 2013;65(2):85-94. 

107   Dietz N, Sharma M, Adams S, Alhourani A, Ugiliweneza B, Wang D, Nuño M, Drazin D, Boakye M. Enhanced 

recovery after surgery (ERAS) for spine surgery: a systematic review. World Neurosurg 2019;130:415-26. 

108   Forsmo HM, Pfeffer F), Rasdal A, Østgaard G, Mohn AC, Körner H, Erichsen C. Compliance with enhanced 

recovery after surgery criteria and preoperative and postoperative counselling reduces length of hospital 

stay in colorectal surgery: results of a randomized controlled trial. Colorectal Dis 2016;18(6):603-11. 



 
 

43 
 

 
109  Chao TE, Riesel JN, Anderson GA, Mullen JT, Doyle J, Briggs SM, Lillemoe KD, Goldstein C, Kitya D, Cusack 

JC Jr. Building a global surgery initiative through evaluation, collaboration, and training: the Massachusetts 

General Hospital experience. J Surg Educ 2015;72(4):e21-8. 

110  Qiu C, Rinehart J, Nguyen VT, Cannesson M, Morkos A, LaPlace D, Trivedi NS, Mercado PD, Kain ZN. An 

ambulatory surgery perioperative surgical home in kaiser permanente settings: practice and outcomes. 

Anesth Analg 2017;124(3):768-74. 

111  Vetter TR, Barman J, Hunter JM Jr, Jones KA, Pittet JF. The effect of implementation of preoperative and 

postoperative care elements of a perioperative surgical home model on outcomes in patients undergoing 

hip arthroplasty or knee arthroplasty. Anesth Analg 2017;124(5):1450-8. 

112  Ye Z, Chen J, Shen T, Yang H, Qin J, Zheng F, Rao Y. Enhanced recovery after surgery (ERAS) might be a 

standard care in radical prostatectomy: a systematic review and meta-analysis. Ann Palliat Med 

2020;9(3):746-58. 
113  Tahiri M, Goudie E, Jouquan A, Martin J, Ferraro P, Liberman M. Enhanced recovery after video-assisted 

thoracoscopic surgery lobectomy: a prospective, historically controlled, propensity-matched clinical study. 

Can J Surg 2020;63(3):E233-40. 
114   Lee Y, Yu J, Doumouras AG, Li J, Hong D. Enhanced recovery after surgery (ERAS) versus standard recovery 

for elective gastric cancer surgery: A meta-analysis of randomized controlled trials. Surg Oncol 2020;32:75-

87. 

115   Martin TD, Lorenz T, Ferraro J, Chagin K, Lampman RM, Emery KL, Zurkan JE, Boyd JL, Montgomery K, Lang 

RE, Vandewarker JF, Cleary RK. Newly implemented enhanced recovery pathway positively impacts 

hospital length of stay. Surg Endosc 2016;30(9):4019-28. 

116   Lee Y, Yu J, Doumouras AG, Li J, Hong D. Enhanced recovery after surgery (ERAS) versus standard recovery 

for elective gastric cancer surgery: A meta-analysis of randomized controlled trials. Surg Oncol 2020;32:75-

87. 

117  Grant MC, Yang D, Wu CL, Makary MA, Wick EC. Impact of enhanced recovery after surgery and fast 

track surgery pathways on healthcare-associated infections: results from a systematic review and meta-

analysis. Ann Surg 2017;265(1):68-79. 

118   Siotos C, Stergios K, Naska A, Frountzas M, Pergialiotis V, Perrea DN, Nikiteas N. The impact of fast track 

protocols in upper gastrointestinal surgery: A meta-analysis of observational studies. Surgeon 

2018;16(3):183-192.  

119   de Groot JJ, Ament SM, Maessen JM, Dejong CH, Kleijnen JM, Slangen BF. Enhanced recovery pathways in 

abdominal gynecologic surgery: a systematic review and meta-analysis. Acta Obstet Gynecol Scand 

2016;95(4):382-95.. 

120  Giannarini G, Crestani A, Inferrera A, Rossanese M, Subba E, Novara G, Ficarra V. Impact of enhanced 

recovery after surgery protocols versus standard of care on perioperative outcomes of radical cystectomy: 

a systematic review and meta-analysis of comparative studies. Minerva Urol Nefrol 2019;71(4):309-23.  

121   Ni TG, Yang HT, Zhang H, Meng HP, Li B. Enhanced recovery after surgery programs in patients undergoing 

hepatectomy: A meta-analysis. World J Gastroenterol 2015;21(30):9209-16. 

122   Ji HB, Zhu WT, Wei Q, Wang XX, Wang HB, Chen QP. Impact of enhanced recovery after surgery programs 

on pancreatic surgery: A meta-analysis. World J Gastroenterol 2018;24(15):1666-1678. 

123   Greco M, Capretti G, Beretta L, Gemma M, Pecorelli N, Braga M. Enhanced recovery program in 

colorectal surgery: a meta-analysis of randomized controlled trials. World J Surg 2014;38(6):1531-41. 

124  Cline KM, Clement V, Rock-Klotz J, Kash BA, Steel C, Miller TR. Improving the cost, quality, and safety of 

perioperative care: A systematic review of the literature on implementation of the perioperative surgical 

home. J Clin Anesth 2020;63:109760. 

125  Launay-Savary MV, Mathonnet M, Theissen A, Ostermann S, Raynaud-Simon A, Slim K. Are enhanced 

recovery programs in colorectal surgery feasible and useful in the elderly? A systematic review of the 

literature. J Visc Surg 2017;154(1):29-35. 

126  Preston SR, Markar SR, Baker CR, Soon Y, Singh S, Low DE. Impact of a multidisciplinary standardized clinical 

pathway on perioperative outcomes in patients with oesophageal cancer. Br J Surg 2013;100(1):105-12. 

127  Ng JWG, Smith C, Ilo K, Beavis S, Terry L, Ali F, Chandrasenan J. Dedicated peri-operative pathway 

improved day case discharge rate for anterior cruciate ligament reconstructions. Eur J Orthop Surg 

Traumatol 2019;29(3):639-44.  

128  Paton F, Chambers D, Wilson P, Eastwood A, Craig D, Fox D, Jayne D, McGinnes E. Effectiveness and 

implementation of enhanced recovery after surgery programmes: a rapid evidence synthesis. BMJ Open 

2014;4(7):e005015. 

129  Paton F, Chambers D, Wilson P, Eastwood A, Craig D, Fox D, Jayne D, McGinnes E. Initiatives to reduce 

length of stay in acute hospital settings: a rapid synthesis of evidence relating to enhanced recovery 

programmes. Southampton: NIHR Journals Library; 2014. 

130  Mertes SC, Raut S, Khanduja V. Integrated care pathways in lower-limb arthroplasty: are they effective in 

reducing length of hospital stay? Int Orthop 2013;37(6):1157-63.  



 
 

44 
 

 
131  Higgins M, Jayakumar P, Kortlever JTP, Rijk L, Galvain T, Drury G, Dekker AP, Westbrook A. Improving 

resource utilisation and outcomes after total knee arthroplasty through technology-enabled patient 

engagement. Knee (Published online ahead of print November 2019). 

132   Moore JA, Conway DH, Thomas N, Cummings D, Atkinson D. Impact of a peri-operative quality 

improvement programme on postoperative pulmonary complications. Anaesthesia 2017;72(3):317-27. 

133   Macfie D, Zadeh RA, Andrews M, Crowson J, Macfie J. Perioperative multimodal optimisation in patients 

undergoing surgery for fractured neck of femur. Surgeon 2012;10(2):90-4. 

134  Bapat S, Shapey J, Toma A, Platt L, Luoma AMV. Chronic subdural haematomas: a single-centre 

experience developing an integrated care pathway. Br J Neurosurg 2017;31(4):434-8. 

135  Jogerst K, Thomas O, Kosiorek HE, Gray R, Cronin P, Casey W 3rd, Rebecca A, Craner R, Young-Fadok T, 

Pockaj B. Same-day discharge after mastectomy: breast cancer surgery in the era of ERAS(®). Ann Surg 

Oncol (Published online ahead of print March 2020). 
136   Fabrizio AC, Grant MC, Siddiqui Z, Alimi Y, Gearhart SL, Wu C, Efron JE, Wick EC. Is enhanced recovery 

enough for reducing 30-d readmissions after surgery? J Surg Res 2017;217:45-53. 

137   Martin TD, Lorenz T, Ferraro J, Chagin K, Lampman RM, Emery KL, Zurkan JE, Boyd JL, Montgomery K, Lang 

RE, Vandewarker JF, Cleary RK. Newly implemented enhanced recovery pathway positively impacts 

hospital length of stay. Surg Endosc 2016;30(9):4019-28. 

138   Carter-Brooks CM, Du AL, Ruppert KM, Romanova AL, Zyczynski HM. Implementation of a urogynecology-

specific enhanced recovery after surgery (ERAS) pathway. Am J Obstet Gynecol 2018;219(5):495.e1-

495.e10.  

139  Colvin J, Rosen M, Prabhu A, Rosenblatt S, Petro C, Zolin S, Krpata D. Enhanced recovery after surgery 

pathway for patients undergoing abdominal wall reconstruction. Surgery 2019;166(5):849-53. 

140  AlBalawi Z, Gramlich L, Nelson G, Senior P, Youngson E, McAlister FA. The impact of the implementation of 

the Enhanced Recovery After Surgery (ERAS®) program in an entire health system: a natural experiment in 

Alberta, Canada. World J Surg 2018;42(9):2691-2700. 

141  Braga M, Beretta L, Pecorelli N, Maspero M, Casiraghi U, Borghi F, Pellegrino L, Bona S, Monzani R, Ferrari G, 

Radrizzani D, Iuliani R, Bima C, Scatizzi M, Missana G, Guicciardi MA, Muratore A, Crespi M, Bouzari H, 

Ceretti AP, Ficari F. Enhanced recovery pathway in elderly patients undergoing colorectal surgery: is there 

an effect of increasing ages? Results from the perioperative Italian Society Registry. Updates Surg 

2018;70(1):7-13. 

142  Jurt J, Slieker J, Frauche P, Addor V, Solà J, Demartines N, Hübner M. Enhanced Recovery After Surgery: 

can we rely on the key factors or do we need the bel ensemble? World J Surg 2017;41(10):2464-70. 

143  Pecorelli N, Hershorn O, Baldini G, Fiore JF Jr, Stein BL, Liberman AS, Charlebois P, Carli F, Feldman LS. 

Impact of adherence to care pathway interventions on recovery following bowel resection within an 

established enhanced recovery program. Surg Endosc 2017;31(4):1760-71. 

144  ERAS Compliance Group. The impact of enhanced recovery protocol compliance on elective colorectal 

cancer resection: results from an international registry. Ann Surg 2015;261(6):1153-9. 

145  Aarts MA, Rotstein OD, Pearsall EA, Victor JC, Okrainec A, McKenzie M, McCluskey SA, Conn LG, McLeod 

RS. Postoperative ERAS interventions have the greatest impact on optimal recovery: experience with 

implementation of ERAS across multiple hospitals. Ann Surg 2018;267(6):992-7. 

146  Bakker N, Cakir H, Doodeman HJ, Houdijk AP. Eight years of experience with Enhanced Recovery After 

Surgery in patients with colon cancer: Impact of measures to improve adherence. Surgery 

2015;157(6):1130-6. 

147  Arrick L, Mayson K, Hong T, Warnock G. Enhanced recovery after surgery in colorectal surgery: Impact of 

protocol adherence on patient outcomes. J Clin Anesth 2019;55:7-12. 

148   Lee Y, Yu J, Doumouras AG, Li J, Hong D. Enhanced recovery after surgery (ERAS) versus standard recovery 

for elective gastric cancer surgery: A meta-analysis of randomized controlled trials. Surg Oncol 2020;32:75-

87. 

149   Siotos C, Stergios K, Naska A, Frountzas M, Pergialiotis V, Perrea DN, Nikiteas N. The impact of fast track 

protocols in upper gastrointestinal surgery: A meta-analysis of observational studies. Surgeon 

2018;16(3):183-192.  

150  Mericli AF, McHugh T, Kruse B, DeSnyder SM, Rebello E, Offodile AC 2nd. Time-driven activity-based costing 

to model cost utility of enhanced recovery after surgery pathways in microvascular breast reconstruction. J 

Am Coll Surg 2020;230(5):784-794.e3. 
151  Lee L, Li C, Landry T, Latimer E, Carli F, Fried GM, Feldman LS. A systematic review of economic evaluations 

of enhanced recovery pathways for colorectal surgery. Ann Surg 2014;259(4):670-6. 

152  Krajcer Z, Ramaiah VG, Henao EA, Nelson WK, Moursi MM, Rajasinghe HA, Anderson LH, Miller LE. 

Comparison of perioperative costs with fast-track vs standard endovascular aneurysm repair. Vasc Health 

Risk Manag 2019;15:385-93. 

153  Pache B, Joliat GR, Hübner M, Grass F, Demartines N, Mathevet P, Achtari C. Cost-analysis of Enhanced 

Recovery After Surgery (ERAS) program in gynecologic surgery. Gynecol Oncol 2019;154(2):388-93. 



 
 

45 
 

 
154  Carr DA, Saigal R, Zhang F, Bransford RJ, Bellabarba C, Dagal A. Enhanced perioperative care and 

decreased cost and length of stay after elective major spinal surgery. Neurosurg Focus 2019;46(4):E5. 

155  Jing X, Zhang B, Xing S, Tian L, Wang X, Zhou M, Li J. Cost-benefit analysis of enhanced recovery after 

hepatectomy in Chinese Han population. Medicine 2018;97(34):e11957. 

156  Bhutiani N, Quinn SA, Jones JM, Mercer MK, Philips P, McMasters KM, Scoggins CR, Martin RCG 2nd. The 

impact of enhanced recovery pathways on cost of care and perioperative outcomes in patients 

undergoing gastroesophageal and hepatopancreatobiliary surgery. Surgery 2018;164(4):719-25. 

157  Oh C, Moriarty J, Borah BJ, Mara KC, Harmsen WS, Saint-Cyr M, Lemaine V. Cost analysis of enhanced 

recovery after surgery in microvascular breast reconstruction. J Plast Reconstr Aesthet Surg 2018;71(6):819-

26. 

158  Featherall J, Brigati DP, Faour M, Messner W, Higuera CA. Implementation of a total hip arthroplasty care 

pathway at a high-volume health system: effect on length of stay, discharge disposition, and 90-day 

complications. J Arthroplasty 2018;33(6):1675-80. 

159  Jung AD, Dhar VK, Hoehn RS, Atkinson SJ, Johnson BL, Rice T, Snyder JR, Rafferty JF, Edwards MJ, Paquette 

IM. Enhanced recovery after colorectal surgery: can we afford not to use it? J Am Coll Surg 

2018;226(4):586-93. 

160   Kowalsky SJ, Zenati MS, Steve J, Esper SA, Lee KK, Hogg ME, Zeh HJ 3rd, Zureikat AH. A combination of 

robotic approach and ERAS pathway optimizes outcomes and cost for ancreatoduodenectomy. Ann Surg 

2019;269(6):1138-45. 

161  Ovaere S, Boscart I, Parmentier I, Steelant PJ, Gabriel T, Allewaert J, Pottel H, Vansteenkiste F, D'Hondt M. 

The effectiveness of a clinical pathway in liver surgery: a case-control study. J Gastrointest Surg 

2018;22(4):684-94. 

162   Portinari M, Ascanelli S, Targa S, Dos Santos Valgode EM, Bonvento B, Vagnoni E, Camerani S, Verri M, Volta 

CA, Feo CV. Impact of a colorectal enhanced recovery program implementation on clinical outcomes 

and institutional costs: A prospective cohort study with retrospective control. Int J Surg 2018;53:206-13. 

163  Nelson G, Kiyang LN, Crumley ET, Chuck A, Nguyen T, Faris P, Wasylak T, Basualdo-Hammond C, McKay S, 

Ljungqvist O, Gramlich LM. Implementation of Enhanced Recovery After Surgery (ERAS) across a provincial 

healthcare system: The ERAS Alberta colorectal surgery experience. World J Surg 2016;40(5):1092-103.  

164  Bisch SP, Wells T, Gramlich L, Faris P, Wang X, Tran DT, Thanh NX, Glaze S, Chu P, Ghatage P, Nation J, 

Capstick V, Steed H, Sabourin J, Nelson G. Enhanced Recovery After Surgery (ERAS) in gynecologic 

oncology: System-wide implementation and audit leads to improved value and patient outcomes. 

Gynecol Oncol 2018;151(1):117-23.  

165  Davis MJ, Luu BC, Raj S, Abu-Ghname A, Buchanan EP. Multidisciplinary care in surgery: Are team-based 

interventions cost-effective? Surgeon (Published online ahead of print March 2020).  

166  Benbouzid A, Tabchouri N, Denet C, Ferraz JM, Laforest A, Gayet B, Tubbax C, Paubel P, d'Avout 

d'Auerstaedt A, Bossard AE, Sarran A, Aminot I, Camps S, Fuks D. Enhanced recovery protocols in colonic 

surgery: retrospective cohort analysis of economic impact from an institutional point of view. Int J 

Colorectal Dis 2019;34(2):301-7. 

167  Paton F, Chambers D, Wilson P, Eastwood A, Craig D, Fox D, Jayne D, McGinnes E. Effectiveness and 

implementation of enhanced recovery after surgery programmes: a rapid evidence synthesis. BMJ Open 

2014;4(7):e005015. 

168  Yang F, Walker S, Richardson G, Stephens T, Phull M, Thompson A, Pearse RM. Cost-effectiveness of a 

national quality improvement programme to improve survival after emergency abdominal surgery: 

Learning from 15,856 patients. Int J Surg 2019;72:25-31.. 

169  Relph S, Bell A, Sivashanmugarajan V, Munro K, Chigwidden K, Lloyd S, Fakokunde A, Yoong W. Cost 

effectiveness of enhanced recovery after surgery programme for vaginal hysterectomy: a comparison of 

pre and post-implementation expenditures. Int J Health Plann Manage 2014;29(4):399-406. 
170  Salhiyyah K, Elsobky S, Raja S, Attia R, Brazier J, Cooper GJ. A clinical and economic evaluation of fast-

track recovery after cardiac surgery. Heart Surg Forum 2011;14(6):E330-4. 

171  du Toit L, Bougard H, Biccard BM. The developing world of pre-operative optimisation: a systematic review 

of Cochrane reviews. Anaesthesia 2019;74(1):89-99.  

172   Santema TB, Stoffer EA, Kunneman M, Koelemay MJ, Ubbink DT. What are the decision-making preferences 

of patients in vascular surgery? A mixed-methods study. BMJ Open 2017;7(2):e013272.  

173  Carlisle EM, Shinkunas LA, Kaldjian LC. Do surgeons and patients/parents value shared decision-making in 

pediatric surgery? A systematic review. J Surg Res 2018;231:49-53.  

174  Melong J, Meier J, Hong P. Shared decision making during surgical consultations: An observational study in 

pediatric otolaryngology. Eur Ann Otorhinolaryngol Head Neck Dis 2019;136(3S):S15-9.  

175   Evong Y, Chorney J, Ungar G, Hong P. Perceptions and observations of shared decision making during 

pediatric otolaryngology surgical consultations. J Otolaryngol Head Neck Surg 2019;48(1):28. 

176  Santema TB, Stubenrouch FE, Koelemay MJ, Vahl AC, Vermeulen CF, Visser MJ, Ubbink DT. Shared decision 

making in vascular surgery: an exploratory study. Eur J Vasc Endovasc Surg 2016;51(4):587-93. 



 
 

46 
 

 
177  de Mik SML, Stubenrouch FE, Balm R, Ubbink DT. Systematic review of shared decision-making in surgery. Br 

J Surg 2018;105(13):1721-30.  

178   Gainer RA, Curran J, Buth KJ, David JG, Légaré JF, Hirsch GM. Toward optimal decision making among 

vulnerable patients referred for cardiac surgery: a qualitative analysis of patient and provider perspectives. 

Med Decis Making 2017;37(5):600-0. 

179  Bernstein J, Kupperman E, Kandel LA, Ahn J. Shared decision making, fast and slow: implications for 

informed consent, resource utilization, and patient satisfaction in orthopaedic surgery. J Am Acad Orthop 

Surg 2016;24(7):495-502. 

180  Hirpara DH, Cleghorn MC, Sockalingam S, Quereshy FA. Understanding the complexities of shared 

decision-making in cancer: a qualitative study of the perspectives of patients undergoing colorectal 

surgery. Can J Surg 2016;59(3):197-204. 

181  Boss EF, Mehta N, Nagarajan N, Links A, Benke JR, Berger Z, Espinel A, Meier J, Lipstein EA. Shared decision 

making and choice for elective surgical care: a systematic review. Otolaryngol Head Neck Surg 

2016;154(3):405-20.  

182  Stacey D, Taljaard M, Dervin G, Tugwell P, O'Connor AM, Pomey MP, Boland L, Beach S, Meltzer D, Hawker 

G. Impact of patient decision aids on appropriate and timely access to hip or knee arthroplasty for 

osteoarthritis: a randomized controlled trial. Osteoarthritis Cartilage 2016;24(1):99-107. 

183   Doll JA, Jones WS, Lokhnygina Y, Culpepper S, Parks RL, Calhoun C, Au DH, Patel MR. PREPARED study: a 

study of shared decision-making for coronary artery disease. Circ Cardiovasc Qual Outcomes 

2019;12(2):e005244.  

184   van Roosmalen MS, Stalmeier PF, Verhoef LC, Hoekstra-Weebers JE, Oosterwijk JC, Hoogerbrugge N, Moog 

U, van Daal WA. Randomized trial of a shared decision-making intervention consisting of trade-offs and 

individualized treatment information for BRCA1/2 mutation carriers. J Clin Oncol 2004;22(16):3293-301. 

185  Kapp-Simon KA, Edwards T, Ruta C, Bellucci CC, Aspirnall CL, Strauss RP, Topolski TD, Rumsey NJ, Patrick DL. 

Shared surgical decision making and youth resilience correlates of satisfaction with clinical outcomes. J 

Craniofac Surg 2015;26(5):1574-80.  

186  Sjöberg C, Amhliden H, Nygren JM, Arvidsson S, Svedberg P. The perspective of children on factors 

influencing their participation in perioperative care. J Clin Nurs 2015;24(19-20):2945-53. 

187  Waljee JF, Rogers MA, Alderman AK. Decision aids and breast cancer: do they influence choice for surgery 

and knowledge of treatment options? J Clin Oncol 2007;25(9):1067-73. 

188  Adam JA, Khaw FM, Thomson RG, Gregg PJ, Llewellyn-Thomas HA. Patient decision aids in joint 

replacement surgery: a literature review and an opinion survey of consultant orthopaedic surgeons. Ann R 

Coll Surg Engl 2008;90(3):198-207.  

189  Anaya J, Moonsamy P, Sepucha KR, Axtell AL, Ivan S, Milford CE, Isselbacher E, Sundt TM. Pilot study of a 

patient decision aid for valve choices in surgical aortic valve replacement. Ann Thorac Surg 

2019;108(3):730-6. 

190   Guo P. Preoperative education interventions to reduce anxiety and improve recovery among cardiac 

surgery patients: a review of randomised controlled trials. J Clin Nurs 2015;24(1-2):34-46. 

191   Hounsome J, Lee A, Greenhalgh J, Lewis SR, Schofield-Robinson OJ, Coldwell CH, Smith AF. A systematic 

review of information format and timing before scheduled adult surgery for peri-operative anxiety. 

Anaesthesia 2017;72(10):1265-72.  

192  Pratap JN, Varughese AM, Mercurio P, Lynch T, Lonnemann T, Ellis A, Rugg J, Stone WR, Bedinghaus C. 

Reducing cancelations on the day of scheduled surgery at a children's hospital. Pediatrics 

2015;135(5):e1292-9.  

193   Berlin NL, Tandon VJ, Hawley ST, Hamill JB, MacEachern MP, Lee CN, Wilkins EG. Feasibility and efficacy of 

decision aids to improve decision making for postmastectomy breast reconstruction: a systematic review 

and meta-analysis. Med Decis Making 2019;39(1):5-20. 

194  McCarus SD, Wiercinski K, Heidrich N. Shared decision-making to improve patient engagement in minimally 

invasive hysterectomy. Surg Technol Int 2019;34:265-8. 

195   Baijens SWE, Huppelschoten AG, Van Dillen J, Aarts JWM. Improving shared decision-making in a clinical 

obstetric ward by using the three questions intervention, a pilot study. BMC Pregnancy Childbirth 

2018;18(1):283.  

196  Nehme J, El-Khani U, Chow A, Hakky S, Ahmed AR, Purkayastha S. The use of multimedia consent programs 

for surgical procedures: a systematic review. Surg Innov 2013;20(1):13-23.  

197   Torrens C, Miquel J, Santana F. Do we really allow patient decision-making in rotator cuff surgery? A 

prospective randomized study. J Orthop Surg Res 2019;14(1):116.  

198  Haren A, Lal R, Walker D, Nair R, Partridge J, Dhesi J. Frailty assessment in older urological patients prior to 

surgery: a systematic review and narrative synthesis. Ther Adv Urol 2020;12:1756287220916614. 

199  Cantlay KL, Baker S, Parry A, Danjoux G. The impact of a consultant anaesthetist led pre-operative 

assessment clinic on patients undergoing major vascular surgery. Anaesthesia 2006;61(3):234-9. 

 



 
 

47 
 

 
200  Chin JW, Macrae JL, Sury MR. Paediatric pre-operative anaesthetic clinic: A survey of consultant-led 

caseload and outcomes. J Paediatr Child Health 2020;56(3):432-438. 

201   Kamal T, Conway RM, Littlejohn I, Ricketts D. The role of a multidisciplinary pre-assessment clinic in reducing 

mortality after complex orthopaedic surgery. Ann R Coll Surg Engl 2011;93(2):149-51. 

202   Sau-Man Conny C, Wan-Yim I. The effectiveness of nurse-led preoperative assessment clinics for patients 

receiving elective orthopaedic surgery: a systematic review. J Perianesth Nurs 2016;31(6):465-74. 

203  Vazirani S, Lankarani-Fard A, Liang LJ, Stelzner M, Asch SM. Perioperative processes and outcomes after 

implementation of a hospitalist-run preoperative clinic. J Hosp Med 2012;7(9):697-701. 

204  Almassi N, Ponziano M, Goldman HB, Klein EA, Stephenson AJ, Krishnamurthi V. Reducing overutilization of 

preoperative medical referrals among patients undergoing radical cystectomy using an evidence-based 

algorithm. Urology 2018;114:71-76. 

205   Katz RI, Cimino L, Vitkun SA. Preoperative medical consultations: impact on perioperative management 

and surgical outcome. Can J Anaesth 2005;52(7):697-702. 

206  Basu S, Babajee P, Selvachandran SN, Cade D. Impact of questionnaires and telephone screening on 

attendance for ambulatory surgery. Ann R Coll Surg Engl 2001;83(5):329-31. 

207  Kinley H, Czoski-Murray C, George S, McCabe C, Primrose J, Reilly C, Wood R, Nicolson P, Healy C, Read S, 

Norman J, Janke E, Alhameed H, Fernandez N, Thomas E. Extended scope of nursing practice: a 

multicentre randomised controlled trial of appropriately trained nurses and pre-registration house officers in 

pre-operative assessment in elective general surgery. Health Technol Assess 2001;5(20):1-87. 

208  Levett DZ, Grocott MP. Cardiopulmonary exercise testing, prehabilitation, and Enhanced Recovery After 

Surgery (ERAS). Can J Anaesth 2015;62(2):131-42.  

209  Smetana GW, Lawrence VA, Cornell JE. Preoperative pulmonary risk stratification for noncardiothoracic 

surgery: systematic review for the American College of Physicians. Ann Intern Med 2006;144(8):581-95. 

210  El-Sharkawy AM, Tewari N, Vohra RS. The Cholecystectomy As A Day Case (CAAD) score: a validated 

score of preoperative predictors of successful day-case cholecystectomy using the CholeS data set. World 

J Surg 2019;43(8):1928-34.  

211   Psutka SP, Barocas DA, Catto JWF, Gore JL, Lee CT, Morgan TM, Master VA, Necchi A, Rouprêt M, Boorjian 

SA. Staging the host: personalizing risk assessment for radical cystectomy patients. Eur Urol Oncol 

2018;1(4):292-304. 

212  Bousquet-Dion G, Awasthi R, Loiselle SÈ, Minnella EM, Agnihotram RV, Bergdahl A, Carli F, Scheede-

Bergdahl C. Evaluation of supervised multimodal prehabilitation programme in cancer patients 

undergoing colorectal resection: a randomized control trial. Acta Oncol 2018;57(6):849-59.  

213   Sandhu MS, Akowuah EF. Does prehabilitation improve outcomes in cardiac surgical patients? Interact 

Cardiovasc Thorac Surg 2019;29(4):608-11. 

214   Moug SJ, Mutrie N, Barry SJE, Mackay G, Steele RJC, Boachie C, Buchan C, Anderson AS. Prehabilitation is 

feasible in patients with rectal cancer undergoing neoadjuvant chemoradiotherapy and may minimize 

physical deterioration: results from the Rex trial. Colorectal Dis 2019;21(5):548-62. 

215   van Rooijen SJ, Molenaar CJL, Schep G, van Lieshout RHMA, Beijer S, Dubbers R, Rademakers N, Papen-

Botterhuis NE, van Kempen S, Carli F, Roumen RMH, Slooter GD. Making patients fit for surgery: introducing 

a four pillar multimodal prehabilitation program in colorectal cancer. Am J Phys Med Rehabil 

2019;98(10):888-96. 

216  Bolshinsky V, Li MH, Ismail H, Burbury K, Riedel B, Heriot A. Multimodal prehabilitation programs as a bundle 

of care in gastrointestinal cancer surgery: a systematic review. Dis Colon Rectum 2018;61(1):124-38. 

217   Hijazi Y, Gondal U, Aziz O. A systematic review of prehabilitation programs in abdominal cancer surgery. Int 

J Surg 2017;39:156-62. 

218   Schneider S, Armbrust R, Spies C, du Bois A, Sehouli J. Prehabilitation programs and ERAS protocols in 

gynecological oncology: a comprehensive review. Arch Gynecol Obstet 2020;301(2):315-26. 

219  Bolshinsky V, Li MH, Ismail H, Burbury K, Riedel B, Heriot A. Multimodal prehabilitation programs as a bundle 

of care in gastrointestinal cancer surgery: a systematic review. Dis Colon Rectum 2018;61(1):124-38. 

220  Janssen TL, Steyerberg EW, van Hoof-de Lepper CCHA, Seerden TCJ, de Lange DC, Wijsman JH, Ho GH, 

Gobardhan PD, van der Laan L.  Long-term outcomes of major abdominal surgery and postoperative 

delirium after multimodal prehabilitation of older patients. Surg Today (Published online June 2020). 

221  Yau DKW, Underwood MJ, Joynt GM, Lee A. Effect of preparative rehabilitation on recovery after cardiac 

surgery: a systematic review. Ann Phys Rehabil Med (Published online ahead of print May 2020). 

222   Faithfull S, Turner L, Poole K, Joy M, Manders R, Weprin J, Winters-Stone K, Saxton J. Prehabilitation for adults 

diagnosed with cancer: A systematic review of long-term physical function, nutrition and patient-reported 

outcomes. Eur J Cancer Care 2019;28(4):e13023. 

223   Chou YJ, Kuo HJ, Shun SC. Cancer prehabilitation programs and their effects on quality of life. Oncol Nurs 

Forum 2018;45(6):726-36. 

224   Luther A, Gabriel J, Watson RP, Francis NK. The impact of total body prehabilitation on post-operative 

outcomes after major abdominal surgery: a systematic review. World J Surg 2018;42(9):2781-91.  



 
 

48 
 

 
225   Cabilan CJ, Hines S, Munday J. The impact of prehabilitation on postoperative functional status, 

healthcare utilization, pain, and quality of life: a systematic review. Orthop Nurs 2016;35(4):224-37. 

226  Barlow RC, Chan DSY, Mayor S, Perkins C, Lawton HL, Powell AG, Lewis WG. Fit for Cancer Treatment: a 

prospective feasibility study of primary care initiated prehabilitation for patients with suspected cancer. 

BJGP Open 2018;2(4):bjgpopen18X101608.  

227  Aunger JA), Greaves CJ, Davis ET, Asamane EA, Whittaker AC, Greig CA. A novel behavioural INTErvention 

to REduce Sitting Time in older adults undergoing orthopaedic surgery (INTEREST): results of a randomised-

controlled feasibility study. Aging Clin Exp Res (Published online ahead of print January 2020).  

228   Hangaard Hansen C, Gögenur M, Tvilling Madsen M, Gögenur I. The effect of time from diagnosis to 

surgery on oncological outcomes in patients undergoing surgery for colon cancer: A systematic review. Eur 

J Surg Oncol 2018;44(10):1479-85. 

229  Mora López L, Pallisera Llovera A, Serra-Aracil X, Serra Pla S, Lucas Guerrero V, Rebasa P, Tremps 

Domínguez C, Pujol Caballé G, Martínez Castela R, Subirana Giménez L, Martínez Cabañero J, Del Pino 

Zurita C, Agudo Arcos C, Carol Boeris FG, Navarro Soto S. A single-center prospective observational study 

on the effect of trimodal prehabilitation in colorectal surgery. Cir Esp (Published online May 2020). 

230  Milder DA, Pillinger NL, Kam PCA. The role of prehabilitation in frail surgical patients: A systematic review. 

Acta Anaesthesiol Scand 2018;62(10):1356-66.  

231  Treanor C, Kyaw T, Donnelly M. An international review and meta-analysis of prehabilitation compared to 

usual care for cancer patients. J Cancer Surviv 2018;12(1):64-73.  

232  Looijaard SMLM, Slee-Valentijn MS, Otten RHJ, Maier AB. Physical and nutritional prehabilitation in older 

patients with colorectal carcinoma: a systematic review. J Geriatr Phys Ther 2018;41(4):236-44.  

233  Tew GA, Bedford R, Carr E, Durrand JW, Gray J, Hackett R, Lloyd S(3), Peacock S, Taylor S, Yates D, Danjoux 

G. Community-based prehabilitation before elective major surgery: the PREP-WELL quality improvement 

project. BMJ Open Qual 2020;9(1):pii: e000898.  

234   Howard R, Yin YS, McCandless L, Wang S, Englesbe M, Machado-Aranda D. Taking control of your surgery: 

impact of a prehabilitation program on major abdominal surgery. J Am Coll Surg 2019;228(1):72-80. 

235   Thomas G, Tahir MR, Bongers BC, Kallen VL, Slooter GD, van Meeteren NL. Prehabilitation before major 

intra-abdominal cancer surgery: A systematic review of randomised controlled trials. Eur J Anaesthesiol 

2019;36(12):933-45. 

236  Yang A, Sokolof J, Gulati A. The effect of preoperative exercise on upper extremity recovery following 

breast cancer surgery: a systematic review. Int J Rehabil Res 2018;41(3):189-96. 

237  Marmelo F, Rocha V, Moreira-Gonçalves D. The impact of prehabilitation on post-surgical complications in 

patients undergoing non-urgent cardiovascular surgical intervention: Systematic review and meta-analysis. 

Eur J Prev Cardiol 2018;25(4):404-17.  

238   Moran J, Guinan E, McCormick P, Larkin J, Mockler D, Hussey J, Moriarty J, Wilson F. The ability of 

prehabilitation to influence postoperative outcome after intra-abdominal operation: A systematic review 

and meta-analysis. Surgery 2016;160(5):1189-201. 

239   Santa Mina D, Clarke H, Ritvo P, Leung YW, Matthew AG, Katz J, Trachtenberg J, Alibhai SM. Effect of total-

body prehabilitation on postoperative outcomes: a systematic review and meta-analysis. Physiotherapy 

2014;100(3):196-207. 

240  Steinmetz C, Bjarnason-Wehrens B, Baumgarten H, Walther T, Mengden T, Walther C. Prehabilitation in 

patients awaiting elective coronary artery bypass graft surgery - effects on functional capacity and quality 

of life: a randomized controlled trial. Clin Rehabil (Published online ahead of print June 2020). 

241  Pesce de Souza F, Massierer D, Anand Raje U, Tansey CM, Boruff J, Janaudis-Ferreira T. Exercise 

interventions in solid organ transplant candidates: a systematic review. Clin Transplant (Published online 

ahead of print May 2020). 
242  Moyer R, Ikert K, Long K, Marsh J. The value of preoperative exercise and education for patients 

undergoing total hip and knee arthroplasty: a systematic review and meta-analysis. JBJS Rev 2017;5(12):e2.  

243   van Rooijen SJ, Engelen MA, Scheede-Bergdahl C, Carli F, Roumen RMH, Slooter GD, Schep G. Systematic 

review of exercise training in colorectal cancer patients during treatment. Scand J Med Sci Sports 

2018;28(2):360-70. 

244  Peer MA, Rush R, Gallacher PD, Gleeson N. Pre-surgery exercise and post-operative physical function of 

people undergoing knee replacement surgery: A systematic review and meta-analysis of randomized 

controlled trials. J Rehabil Med 2017;49(4):304-15.. 

245   Gavin JP, Immins T, Wainwright T. Stair negotiation as a rehabilitation intervention for enhancing recovery 

following total hip and knee replacement surgery. Int J Orthop Trauma Nurs 2017;25:3-10. 

246  Kamarajah SK, Bundred J, Weblin J, Tan BHL. Critical appraisal on the impact of preoperative rehabilitation 

and outcomes after major abdominal and cardiothoracic surgery: A systematic review and meta-analysis. 

Surgery 2020;167(3):540-9.  

 



 
 

49 
 

 
247 Heger P, Probst P, Wiskemann J, Steindorf K, Diener MK, Mihaljevic AL. A systematic review and meta-

analysis of physical exercise prehabilitation in major abdominal surgery (PROSPERO 2017 CRD42017080366). 

J Gastrointest Surg (Published online ahead of print June 2019).  

248  Rosero ID, Ramírez-Vélez R, Lucia A(2)(3), Martínez-Velilla N, Santos-Lozano A(2), Valenzuela PL, Morilla I, 

Izquierdo M. Systematic review and meta-analysis of randomized, controlled trials on preoperative physical 

exercise interventions in patients with non-small-cell lung cancer. Cancers 2019;11(7):pii: E944. 

249  Teo JYK, Turner R, Self M. Effect of exercise prehabilitation on functional status of patients undergoing 

bowel resection: a systematic review. ANZ J Surg (Published online ahead of print January 2020).  

250  Galea-O'Neill RJ, Bruder AM, Goulis J, Shields N. Modifiable factors and their association with self-reported 

knee function and activity after anterior cruciate ligament reconstruction: a systematic review and meta-

analysis. Physiother Theory Pract (Published online ahead of print September 2019).  

251   Bruns ER, van den Heuvel B, Buskens CJ, van Duijvendijk P, Festen S, Wassenaar EB, van der Zaag ES, 

Bemelman WA, van Munster BC. The effects of physical prehabilitation in elderly patients undergoing 

colorectal surgery: a systematic review. Colorectal Dis 2016;18(8):O267-77. 

252  Cabilan CJ, Hines S, Munday J. The effectiveness of prehabilitation or preoperative exercise for surgical 

patients: a systematic review. JBI Database System Rev Implement Rep 2015;13(1):146-87.  

253  Katsura M, Kuriyama A, Takeshima T, Fukuhara S, Furukawa TA. Preoperative inspiratory muscle training for 

postoperative pulmonary complications in adults undergoing cardiac and major abdominal surgery. 

Cochrane Database Syst Rev 2015;(10):CD010356.  

254  Vasta S, Papalia R, Torre G, Vorini F, Papalia G, Zampogna B, Fossati C, Bravi M, Campi S, Denaro V. The 

influence of preoperative physical activity on postoperative outcomes of knee and hip arthroplasty 

surgery in the elderly: a systematic review. J Clin Med 2020;9(4):pii: E969. 

255   Piraux E, Caty G, Reychler G. Effects of preoperative combined aerobic and resistance exercise training in 

cancer patients undergoing tumour resection surgery: A systematic review of randomised trials. Surg Oncol 

2018;27(3):584-94. 

256  Hughes MJ, Hackney RJ, Lamb PJ, Wigmore SJ, Christopher Deans DA, Skipworth RJE. Prehabilitation before 

major abdominal surgery: a systematic review and meta-analysis. World J Surg 2019;43(7):1661-8.  

257  Northgraves MJ, Arunachalam L, Madden LA, Marshall P, Hartley JE, MacFie J, Vince RV. Feasibility of a 

novel exercise prehabilitation programme in patients scheduled for elective colorectal surgery: a feasibility 

randomised controlled trial. Support Care Cancer (Published online ahead of print November 2019).  

258  Chughtai M, Shah NV, Sultan AA, Solow M, Tiberi JV, Mehran N, North T, Moskal JT, Newman JM, Samuel LT, 

Bhave A, Mont MA. The role of prehabilitation with a telerehabilitation system prior to total knee 

arthroplasty. Ann Transl Med 2019;7(4):68.  

259  Brustia R, Savier E, Scatton O. Physical exercise in cirrhotic patients: Towards prehabilitation on waiting list 

for liver transplantation. A systematic review and meta-analysis. Clin Res Hepatol Gastroenterol 

2018;42(3):205-15.  

260   Barberan-Garcia A, Ubre M, Pascual-Argente N, Risco R, Faner J, Balust J, Lacy AM, Puig-Junoy J, Roca J, 

Martinez-Palli G. Post-discharge impact and cost-consequence analysis of prehabilitation in high-risk 

patients undergoing major abdominal surgery: secondary results from a randomised controlled trial. Br J 

Anaesth 2019;123(4):450-6. 

261  Gometz A, Maislen D, Youtz C, Kary E, Gometz EL, Sobotka S, Choudhri TF. The effectiveness of 

prehabilitation (prehab) in both functional and economic outcomes following spinal surgery: a systematic 

review. Cureus 2018;10(5):e2675.  

262   Wang L, Lee M, Zhang Z, Moodie J, Cheng D, Martin J. Does preoperative rehabilitation for patients 

planning to undergo joint replacement surgery improve outcomes? A systematic review and meta-analysis 

of randomised controlled trials. BMJ Open 2016;6(2):e009857. 

263   Driessen EJ, Peeters ME, Bongers BC, Maas HA, Bootsma GP, van Meeteren NL, Janssen-Heijnen ML. Effects 

of prehabilitation and rehabilitation including a home-based component on physical fitness, adherence, 

treatment tolerance, and recovery in patients with non-small cell lung cancer: A systematic review. Crit 

Rev Oncol Hematol 2017;114:63-76. 

264  Bolger JC, Loughney L, Tully R, Cunningham M, Keogh S, McCaffrey N, Hickey W, Robb WB. Perioperative 

prehabilitation and rehabilitation in esophagogastric malignancies: a systematic review. Dis Esophagus 

2019;32(9):pii: doz058. 

265   Bradley A, Marshall A, Stonehewer L, Reaper L, Parker K, Bevan-Smith E, Jordan C, Gillies J, Agostini P, 

Bishay E, Kalkat M, Steyn R, Rajesh P, Dunn J, Naidu B. Pulmonary rehabilitation programme for patients 

undergoing curative lung cancer surgery. Eur J Cardiothorac Surg 2013;44(4):e266-71. 

266  Nielsen PR, Andreasen J, Asmussen M, Tønnesen H. Costs and quality of life for prehabilitation and early 

rehabilitation after surgery of the lumbar spine. BMC Health Serv Res 2008;8:209. 

267  Sandrucci S, Beets G, Braga M, Dejong K, Demartines N. Perioperative nutrition and enhanced recovery 

after surgery in gastrointestinal cancer patients. A position paper by the ESSO task force in collaboration 

with the ERAS society (ERAS coalition). Eur J Surg Oncol 2018;44(4):509-14.  



 
 

50 
 

 
268  Ge LN, Wang L, Wang F. Effectiveness and safety of preoperative oral carbohydrates in enhanced 

recovery after surgery protocols for patients with diabetes mellitus: a systematic review. Biomed Res Int 

2020;2020:5623596. 
269   Bruns ERJ, Argillander TE, Van Den Heuvel B, Buskens CJ, Van Duijvendijk P, Winkels RM, Kalf A, Van Der 

Zaag ES, Wassenaar EB, Bemelman WA, Van Munster BC. Oral nutrition as a form of pre-operative 

enhancement in patients undergoing surgery for colorectal cancer: a systematic review. Surg Infect 

2018;19(1):1-10.  

270  Grass F, Pache B, Martin D, Hahnloser D, Demartines N, Hübner M. Preoperative nutritional conditioning of 

Crohn's patients-systematic review of current evidence and practice. Nutrients 2017;9(6). pii: E562. 

271   Wu XD, Liu MM, Liang X, Hu N, Huang W. Effects of perioperative supplementation with pro-/synbiotics on 

clinical outcomes in surgical patients: A meta-analysis with trial sequential analysis of randomized 

controlled trials. Clin Nutr 2018;37(2):505-15. 

272  Seguin P, Locher C, Boudjema K, Hamon C, Mouchel C, Malledant Y, Bellissant E. Effect of a perioperative 

nutritional supplementation with oral Impact® in patients undergoing hepatic surgery for liver cancer: a 

prospective, placebo-controlled, randomized, double-blind study. Nutr Cancer 2016;68(3):464-72. 

273  Falewee MN, Schilf A, Boufflers E, Cartier C, Bachmann P, Pressoir M, Banal A, Michel C, Ettaiche M. 

Reduced infections with perioperative immunonutrition in head and neck cancer: exploratory results of a 

multicenter, prospective, randomized, double-blind study. Clin Nutr 2014;33(5):776-84. 

274  Mudge LA, Watson D, Smithers BM, Isenring EA, Smith L, Jamieson GG. Multicentre factorial randomized 

clinical trial of perioperative immunonutrition versus standard nutrition for patients undergoing surgical 

resection of oesophageal cancer. Br J Surg 2018;105(10):1262-72. 

275  Ardito F, Lai Q, Rinninella E, Mimmo A, Vellone M, Panettieri E, Adducci E, Cintoni M, Mele MC, Gasbarrini A, 

Giuliante F. The impact of personalized nutritional support on postoperative outcome within the enhanced 

recovery after surgery (ERAS) program for liver resections: results from the NutriCatt protocol. Updates Surg 

(Published online ahead of print May 2020). 
276  Waitzberg DL, Saito H, Plank LD, Jamieson GG, Jagannath P, Hwang TL, Mijares JM, Bihari D. Postsurgical 

infections are reduced with specialized nutrition support. World J Surg 2006;30(8):1592-604. 

277  Wanden-Berghe C, Sanz-Valero J, Arroyo-Sebastián A, Cheikh-Moussa K, Moya-Forcen P. Effects of a 

nutritional intervention in a fast-track program for a colorectal cancer surgery: systematic review. Nutr Hosp 

2016;33(4):402.  

278   Gillis C, Buhler K, Bresee L, Carli F, Gramlich L, Culos-Reed N, Sajobi TT, Fenton TR. Effects of nutritional 

prehabilitation, with and without exercise, on outcomes of patients who undergo colorectal surgery: 

a systematic review and meta-analysis. Gastroenterology 2018;155(2):391-410.e4. 

279  Azagury DE, Ris F, Pichard C, Volonté F, Karsegard L, Huber O. Does perioperative nutrition and oral 

carbohydrate load sustainably preserve muscle mass after bariatric surgery? A randomized control trial. 

Surg Obes Relat Dis 2015;11(4):920-6. 

280   Reis AM, Kabke GB, Fruchtenicht AV, Barreiro TD, Moreira LF. Cost-effectiveness of perioperative 

immunonutrition in gastrointestinal oncologic surgery: a systematic review. Arq Bras Cir Dig 2016;29(2):121-5. 

281   Mauskopf JA, Candrilli SD, Chevrou-Séverac H, Ochoa JB. Immunonutrition for patients undergoing 

elective surgery for gastrointestinal cancer: impact on hospital costs. World J Surg Oncol 2012;10:136. 

282  Dorsey J, Bradshaw M. Effectiveness of occupational therapy interventions for lower-extremity 

musculoskeletal disorders: a systematic review. Am J Occup Ther 2017;71(1):7101180030p1-7101180030p11.  

283  Powell R, Scott NW, Manyande A, Bruce J, Vögele C, Byrne-Davis LM, Unsworth M, Osmer C, Johnston M. 

Psychological preparation and postoperative outcomes for adults undergoing surgery under general 

anaesthesia. Cochrane Database Syst Rev 2016;(5):CD008646.  

284   Tsimopoulou I, Pasquali S, Howard R, Desai A, Gourevitch D, Tolosa I, Vohra R. Psychological prehabilitation 

before cancer surgery: a systematic review. Ann Surg Oncol 2015;22(13):4117-23. 

285   Bay S, Kuster L, McLean N, Byrnes M, Kuster MS. A systematic review of psychological interventions in total 

hip and knee arthroplasty. BMC Musculoskelet Disord 2018;19(1):201. 

286  Kahokehr A, Broadbent E, Wheeler BR, Sammour T, Hill AG. The effect of perioperative psychological 

intervention on fatigue after laparoscopic cholecystectomy: a randomized controlled trial. Surg Endosc 

2012;26(6):1730-6. 

287   Fukui M, Suzuki K, Matsunaga T, Oh S, Takamochi K. Importance of smoking cessation on surgical outcome 

in primary lung cancer. Ann Thorac Surg 2019;107(4):1005-9. 

288   de Boer SP, Serruys PW, Valstar G, Lenzen MJ, de Jaegere PJ, Zijlstra F, Boersma E, van Domburg RT. Life-

years gained by smoking cessation after percutaneous coronary intervention. Am J Cardiol 

2013;112(9):1311-4. 

289   Schmidt-Hansen M, Page R, Hasler E. The effect of preoperative smoking cessation or preoperative 

pulmonary rehabilitation on outcomes after lung cancer surgery: a systematic review. Clin Lung Cancer 

2013;14(2):96-102. 

 



 
 

51 
 

 
290   Myers K, Hajek P, Hinds C, McRobbie H. Stopping smoking shortly before surgery and postoperative 

complications: a systematic review and meta-analysis. Arch Intern Med 2011;171(11):983-9. 

291  Quan H, Ouyang L, Zhou H, Ouyang Y, Xiao H. The effect of preoperative smoking cessation and smoking 

dose on postoperative complications following radical gastrectomy for gastric cancer: a retrospective 

study of 2469 patients. World J Surg Oncol 2019;17(1):61.  

292  Yoshida N, Nakamura K, Kuroda D, Baba Y, Miyamoto Y, Iwatsuki M, Hiyoshi Y, Ishimoto T(1), Imamura Y, 

Watanabe M, Baba H. Preoperative smoking cessation is integral to the prevention of postoperative 

morbidities in minimally invasive esophagectomy. World J Surg 2018;42(9):2902-9.  

293   Guan Z, Lv Y, Liu J, Liu L, Yuan H, Shen X. Smoking cessation can reduce the incidence of postoperative 

hypoxemia after on-pump coronary artery bypass grafting surgery. J Cardiothorac Vasc Anesth 

2016;30(6):1545-9. 

294   Taylor H, Karahalios A, Bramley D. Long-term effectiveness of the preoperative smoking cessation 

programme at Western Health. ANZ J Surg 2017;87(9):677-81. 

295   Saxony J, Cowling L, Catchpole L, Walker N. Evaluation of a smoking cessation service in elective surgery. J 

Surg Res 2017;212:33-41. 

296   Akhavan S, Nguyen LC, Chan V, Saleh J, Bozic KJ. Impact of smoking cessation counseling prior to total 

joint arthroplasty. Orthopedics 2017;40(2):e323-8. 

297  Berlin NL, Cutter C, Battaglia C. Will preoperative smoking cessation programs generate long-term 

cessation? A systematic review and meta-analysis. Am J Manag Care 2015;21(11):e623-31. 

298   Thomsen T, Tønnesen H, Okholm M, Kroman N, Maibom A, Sauerberg ML, Møller AM. Brief smoking 

cessation intervention in relation to breast cancer surgery: a randomized controlled trial. Nicotine Tob Res 

2010;12(11):1118-24. 

299  Walker NM, Morris SA, Cannon LB. The effect of pre-operative counselling on smoking patterns in patients 

undergoing forefoot surgery. Foot Ankle Surg 2009;15(2):86-9.  

300  Cropley M, Theadom A, Pravettoni G, Webb G. The effectiveness of smoking cessation interventions prior 

to surgery: a systematic review. Nicotine Tob Res 2008;10(3):407-12.  

301  Hajek P, Taylor TZ, Mills P. Brief intervention during hospital admission to help patients to give up smoking 

after myocardial infarction and bypass surgery: randomised controlled trial. BMJ 2002;324(7329):87-9. 

302  Tang MW, Oakley R, Dale C, Purushotham A, Møller H, Gallagher JE. A surgeon led smoking cessation 

intervention in a head and neck cancer centre. BMC Health Serv Res 2014;14:636.  

303   Wong J, Raveendran R, Chuang J, Friedman Z, Singh M, Patras J, Wong DT, Chung F. Utilizing patient e-

learning in an intervention study on preoperative smoking cessation. Anesth Analg 2018;126(5):1646-53. 

304  Bottorff JL, Seaton CL, Viney N, Stolp S, Krueckl S, Holm N. The Stop Smoking Before Surgery Program: 

impact on awareness of smoking-related perioperative complications and smoking behavior in Northern 

Canadian Communities. J Prim Care Community Health 2016;7(1):16-23. 

305  Webb AR, Coward L, Soh L, Waugh L, Parsons L, Lynch M, Stokan LA, Borland R. Smoking cessation in 

elective surgical patients offered free nicotine patches at listing: a pilot study. Anaesthesia 2020;75(2):171-

8.  

306  Thomsen T, Tønnesen H, Møller AM. Effect of preoperative smoking cessation interventions on 

postoperative complications and smoking cessation. Br J Surg 2009;96(5):451-61.  

307  Lindström D, Sadr Azodi O, Wladis A, Tønnesen H, Linder S, Nåsell H, Ponzer S, Adami J. Effects of a 

perioperative smoking cessation intervention on postoperative complications: a randomized trial. Ann Surg 

2008;248(5):739-45.  

308   Schmidt-Hansen M, Page R, Hasler E. The effect of preoperative smoking cessation or preoperative 

pulmonary rehabilitation on outcomes after lung cancer surgery: a systematic review. Clin Lung Cancer 

2013;14(2):96-102. 

309   Sepehripour AH, Lo TT, McCormack DJ, Shipolini AR. Is there benefit in smoking cessation prior to cardiac 

surgery? Interact Cardiovasc Thorac Surg 2012;15(4):726-32. 

310  Young-Wolff KC, Adams SR, Fogelberg R, Goldstein AA, Preston PG. Evaluation of a pilot perioperative 

smoking cessation program: a pre-post study. J Surg Res 2019;237:30-40. 

311   Gaskill CE, Kling CE, Varghese TK Jr, Veenstra DL, Thirlby RC, Flum DR, Alfonso-Cristancho R. Financial 

benefit of a smoking cessation program prior to elective colorectal surgery. J Surg Res 2017;215:183-9. 

312   Boylan MR, Bosco JA 3rd, Slover JD. Cost-effectiveness of preoperative smoking cessation interventions in 

total joint arthroplasty. J Arthroplasty 2019;34(2):215-20. 

313   Moses DA, Mehaffey JH, Strider DV, Tracci MC, Kern JA, Upchurch GR Jr. Smoking cessation counseling 

improves quality of care and surgical outcomes with financial gain for a vascular practice. Ann Vasc Surg 

2017;42:214-21. 

314  Song F, Brown TJ, Blyth A, Maskrey V, McNamara I(5), Donell S. Identifying and recruiting smokers for 

preoperative smoking cessation - a systematic review of methods reported in published studies. Syst Rev 

2015;4:157.  

 



 
 

52 
 

 
315   Schultz CR, Benson JJ, Cook DA, Warner DO. Training for perioperative smoking cessation interventions: a 

national survey of anesthesiology program directors and residents. J Clin Anesth 2014;26(7):563-9. 

316   Owen D, Bicknell C, Hilton C, Lind J, Jalloh I, Owen M, Harrison R. Preoperative smoking cessation: a 

questionnaire study. Int J Clin Pract 2007;61(12):2002-4. 

317   Farley A, Aveyard P, Kerr A, Naidu B, Dowswell G. Surgical lung cancer patients' views about smoking and 

support to quit after diagnosis: a qualitative study. J Cancer Surviv 2016;10(2):312-9. 

318   Nåsell H, Adami J, Samnegård E, Tønnesen H, Ponzer S. Effect of smoking cessation intervention on results of 

acute fracture surgery: a randomized controlled trial. J Bone Joint Surg Am 2010;92(6):1335-42. 

319   Nayan S, Gupta MK, Strychowsky JE, Sommer DD. Smoking cessation interventions and cessation rates in 

the oncology population: an updated systematic review and meta-analysis. Otolaryngol Head Neck Surg 

2013;149(2):200-11. 

320 Erim Y, Böttcher M, Schieber K, Lindner M, Klein C, Paul A, Beckebaum S, Mayr A, Helander A. Feasibility 

and acceptability of an alcohol addiction therapy integrated in a transplant center for patients awaiting 

liver transplantation. Alcohol Alcohol 2016;51(1):40-6. 

321  Egholm JW, Pedersen B, Møller AM, Adami J, Juhl CB, Tønnesen H. Perioperative alcohol cessation 

intervention for postoperative complications. Cochrane Database Syst Rev 2018;11:CD008343. 

322  Shah N, Abraham J, Goodwin W, Kahal H, Menon V, Lam FT, Barber TM. Effective implementation of peri-

operative local guidelines for metabolic surgery in patients with diabetes mellitus in a tier 4 setting 

demonstrate improved work efficiency and resource allocation. Obes Surg 2018;28(10):3342-7. 
323  Page E, Akiboye F, Jackson S, Kerry C, Round R, Rayman G. Perioperative passport: empowering people 

with diabetes along their surgical journey. Diabet Med 2017;34(12):1737-1741. 

324  Hommel I, Wollersheim H, Tack CJ, Mulder J, van Gurp PJ, Hulscher ME. Impact of a multifaceted strategy 

to improve perioperative diabetes care. Diabet Med 2017;34(2):278-85. 

325  Pezzella AT, Holmes SD, Pritchard G, Speir AM, Ad N. Impact of perioperative glycemic control strategy on 

patient survival after coronary bypass surgery. Ann Thorac Surg 2014;98(4):1281-5. 

326   Carr JM, Sellke FW, Fey M, Doyle MJ, Krempin JA, de la Torre R, Liddicoat JR. Implementing tight glucose 

control after coronary artery bypass surgery. Ann Thorac Surg 2005;80(3):902-9. 

327  Li R, White CM, Mehmeti J, Martin ST, Hobbs LC. Impact of a perioperative prophylaxis guideline on post-

cardiothoracic surgery atrial fibrillation. Ann Pharmacother 2017;51(9):743-50.. 

328  Schmidt M, Lindenauer PK, Fitzgerald JL, Benjamin EM. Forecasting the impact of a clinical practice 

guideline for perioperative beta-blockers to reduce cardiovascular morbidity and mortality. Arch Intern 

Med 2002;162(1):63-9. 

329   Mason MC, Crees AL, Dean MR, Bashir N. Establishing a proactive geriatrician led comprehensive geriatric 

assessment in older emergency surgery patients: Outcomes of a pilot study. Int J Clin Pract 

2018;72(5):e13096. 

330   Harari D, Hopper A, Dhesi J, Babic-Illman G, Lockwood L, Martin F. Proactive care of older people 

undergoing surgery ('POPS'): designing, embedding, evaluating and funding a comprehensive geriatric 

assessment service for older elective surgical patients. Age Ageing 2007;36(2):190-6.  

331  Nunns M, Shaw L, Briscoe S, Thompson Coon J, Hemsley A, McGrath JS, Lovegrove CJ, Thomas D, Anderson 

R. Multicomponent hospital-led interventions to reduce hospital stay for older adults following elective 

surgery: a systematic review. Southampton: NIHR Journals Library; 2019. 

332  Middleton M, Wan B, da Assunçao R. Improving hip fracture outcomes with integrated orthogeriatric care: 

a comparison between two accepted orthogeriatric models. Age Ageing 2017;46(3):465-70. 

333  Braude P, Goodman A, Elias T, Babic-Illman G, Challacombe B. Evaluation and establishment of a ward-

based geriatric liaison service for older urological surgical patients: Proactive care of Older People 

undergoing Surgery (POPS)-Urology. BJU Int 2017;120(1):123-9.  

334  Thillainadesan J, Yumol MF, Hilmer S, Aitken SJ, Naganathan V. Interventions to improve clinical outcomes 

in older adults admitted to a surgical service: a systematic review and meta-analysis. J Am Med Dir Assoc 

(Published online ahead of print May 2020). 

335  Styan L, Murphy S, Fleury A, McGowan B, Wullschleger M. Establishing a successful perioperative geriatric 

service in an Australian acute surgical unit. ANZ J Surg 2018;88(6):607-11. 

336   Eamer G, Taheri A, Chen SS, Daviduck Q, Chambers T, Shi X, Khadaroo RG. Comprehensive geriatric 

assessment for older people admitted to a surgical service. Cochrane Database Syst Rev 2018;1:CD012485. 

337  Mendis N, Hamilton GM, McIsaac DI, Fergusson DA, Wunsch H, Dubois D, Montroy J, Chassé M, Turgeon AF, 

McIntyre L, McDonald H, Yang H, Sampson SD, McCartney CJL, Shorr R, Denault A, Lalu MM. A systematic 

review of the impact of surgical special care units on patient outcomes and health care resource 

utilization. Anesth Analg 2019;128(3):533-42. 

338  Wang L, Chang Y, Kennedy SA, Hong PJ, Chow N, Couban RJ, McCabe RE, Bieling PJ, Busse JW. 

Perioperative psychotherapy for persistent post-surgical pain and physical impairment: a meta-analysis of 

randomised trials. Br J Anaesth 2018;120(6):1304-14. 

 



 
 

53 
 

 
339  Connor LO. Developing 'subject matter experts': an improvement methodology programme for acute 

postoperative pain with patients post major surgery. J Clin Nurs 2016;25(17-18):2629-38. 

340  Sharda N, Mattoon E, Matters L, Prewitt J, McDonald S, Sloane R, Cassas C, White H. Bach to the basics: 

implementation and impact of a postoperative, inpatient personalized music program for older adults. J 

Perianesth Nurs 2019;34(2):347-353. 

341   Epstein NE. A review article on the benefits of early mobilization following spinal surgery and other 

medical/surgical procedures. Surg Neurol Int 2014;5(Suppl 3):S66-73. 

342  Rushton M, Howarth M, Grant MJ, Astin F. Person-centred discharge education following coronary artery 

bypass graft: A critical review. J Clin Nurs 2017;26(23-24):5206-15.  

343  Jones CE, Hollis RH, Wahl TS, Oriel BS, Itani KM, Morris MS, Hawn MT. Transitional care interventions and 

hospital readmissions in surgical populations: a systematic review. Am J Surg 2016;212(2):327-35.  

344  Forsmo HM, Erichsen C, Rasdal A, Tvinnereim JM, Körner H, Pfeffer F. Randomized controlled trial of 

extended perioperative counseling in enhanced recovery after colorectal surgery. Dis Colon Rectum 

2018;61(6):724-732. 

345  Cook DJ, Manning DM, Holland DE, Prinsen SK, Rudzik SD, Roger VL, Deschamps C. Patient engagement 

and reported outcomes in surgical recovery: effectiveness of an e-health platform. J Am Coll Surg 

2013;217(4):648-55. 

346  Jones CE, Hollis RH, Wahl TS, Oriel BS, Itani KM, Morris MS, Hawn MT. Transitional care interventions and 

hospital readmissions in surgical populations: a systematic review. Am J Surg 2016;212(2):327-35. 

347   Graham L, Neal CP, Garcea G, Lloyd DM, Robertson GS, Sutton CD. Evaluation of nurse-led discharge 

following laparoscopic surgery. J Eval Clin Pract 2012;18(1):19-24. 

348  Dawes HA, Docherty T, Traynor I, Gilmore DH, Jardine AG, Knill-Jones R. Specialist nurse supported 

discharge in gynaecology: a randomised comparison and economic evaluation. Eur J Obstet Gynecol 

Reprod Biol 2007;130(2):262-70.  

349  Wells M, Harrow A, Donnan P, Davey P, Devereux S, Little G, McKenna E, Wood R, Chen R, Thompson A. 

Patient, carer and health service outcomes of nurse-led early discharge after breast cancer surgery: a 

randomised controlled trial. Br J Cancer 2004;91(4):651-8. 

350  Gonçalves-Bradley DC, Lannin NA, Clemson LM, Cameron ID, Shepperd S. Discharge planning from 

hospital. Cochrane Database Syst Rev 2016;(1):CD000313.  

351  Bradley B, Middleton S, Davis N, Williams M, Stocker M, Hockings M, Isaac DL. Discharge on the day of 

surgery following unicompartmental knee arthroplasty within the United Kingdom NHS. Bone Joint J 

2017;99-B(6):788-92. 

352  Nensi A, Coll-Black M, Leyland N, Sobel ML. Implementation of a same-day discharge protocol following 

total laparoscopic hysterectomy. J Obstet Gynaecol Can 2018;40(1):29-35. 

353   Kotronias RA, Teitelbaum M, Webb JG, Mylotte D, Barbanti M, Wood DA, Ballantyne B, Osborne A, Solo K, 

Kwok CS, Mamas MA, Bagur R. Early versus standard discharge after transcatheter aortic valve 

replacement: a systematic review and meta-analysis. JACC Cardiovasc Interv 2018;11(17):1759-71. 

354  Briggs CD, Irving GB, Mann CD, Cresswell A, Englert L, Peterson M, Cameron IC. Introduction of a day-case 

laparoscopic cholecystectomy service in the UK: a critical analysis of factors influencing same-day 

discharge and contact with primary care providers. Ann R Coll Surg Engl 2009;91(7):583-90.  

355  Gonçalves-Bradley DC, Iliffe S, Doll HA, Broad J, Gladman J, Langhorne P, Richards SH, Shepperd S. Early 

discharge hospital at home. Cochrane Database Syst Rev 2017;6:CD000356.  

356   Vuong B, Graff-Baker AN, Yanagisawa M, Chang SB, Mentakis M, Shim V, Knox M, Romero L, Kuehner G. 

Implementation of a post-mastectomy home recovery program in a large, integrated health care delivery 

system. Ann Surg Oncol 2019;26(10):3178-84. 

357 Chesterton L, Stephens M, Clark A, Ahmed A. A systematic literature review of the patient hotel model. 

Disabil Rehabil (Published online ahead of print June 2019).  

358  Dash I, Pickering GT. Improving post-operative communication between primary and secondary care: the 

wound closure information card. Prim Health Care Res Dev 2017;18(1):92-6.  

359  Jones CE, Hollis RH, Wahl TS, Oriel BS, Itani KM, Morris MS, Hawn MT. Transitional care interventions and 

hospital readmissions in surgical populations: a systematic review. Am J Surg 2016;212(2):327-35. 

360  Gray RT, Sut MK, Badger SA, Harvey CF. Post-operative telephone review is cost-effective and acceptable 

to patients. Ulster Med J 2010;79(2):76-9. 

361  Knowles G, Sherwood L, Dunlop MG, Dean G, Jodrell D, McLean C, Preston E. Developing and piloting a 

nurse-led model of follow-up in the multidisciplinary management of colorectal cancer. Eur J Oncol Nurs 

2007;11(3):212-23.  

362  Bouwsma EVA, Bosmans JE, van Dongen JM, Brölmann HAM, Anema JR, Huirne JAF. Cost-effectiveness of 

an internet-based perioperative care programme to enhance postoperative recovery in gynaecological 

patients: economic evaluation alongside a stepped-wedge cluster-randomised trial. BMJ Open 

2018;8(1):e017782.  



 
 

54 
 

 
363  Rosner BI, Gottlieb M, Anderson WN. Effectiveness of an automated digital remote guidance and 

telemonitoring platform on costs, readmissions, and complications after hip and knee arthroplasties. J 

Arthroplasty 2018;33(4):988-96.e4. 

364  Campbell KJ, Louie PK, Bohl DD, Edmiston T, Mikhail C, Li J, Khorsand DA, Levine BR, Gerlinger TL. A novel, 

automated text-messaging system is effective in patients undergoing total joint arthroplasty. J Bone Joint 

Surg Am 2019;101(2):145-51.  

365  Dorsey J, Bradshaw M. Effectiveness of occupational therapy interventions for lower-extremity 

musculoskeletal disorders: a systematic review. Am J Occup Ther 2017;71(1):7101180030p1-7101180030p11. 

366  Stenvall M, Olofsson B, Nyberg L, Lundström M, Gustafson Y. Improved performance in activities of daily 

living and mobility after a multidisciplinary postoperative rehabilitation in older people with femoral neck 

fracture: a randomized controlled trial with 1-year follow-up. J Rehabil Med 2007;39(3):232-8. 

367  Larsen K, Hansen TB, Thomsen PB, Christiansen T, Søballe K. Cost-effectiveness of accelerated perioperative 

care and rehabilitation after total hip and knee arthroplasty. J Bone Joint Surg Am 2009;91(4):761-72.  

368  Di Monaco M, Castiglioni C. Which type of exercise therapy is effective after hip arthroplasty? A systematic 

review of randomized controlled trials. Eur J Phys Rehabil Med 2013;49(6):893-907. 

369  Wylde V, Dennis J, Gooberman-Hill R(1), Beswick AD. Effectiveness of postdischarge interventions for 

reducing the severity of chronic pain after total knee replacement: systematic review of randomised 

controlled trials. BMJ Open 2018;8(2):e020368.  

370  Oosterhuis T, Costa LO, Maher CG, de Vet HC, van Tulder MW, Ostelo RW. Rehabilitation after lumbar disc 

surgery. Cochrane Database Syst Rev 2014;(3):CD003007.  

371  Tibbetts KM, Dominguez LM, Simpson CB. Impact of perioperative voice therapy on outcomes in the 

surgical management of vocal fold cysts. J Voice 2018;32(3):347-51. 

372  Søreide K, Hallet J, Matthews JB, Schnitzbauer AA, Line PD, Lai PBS, Otero J, Callegaro D, Warner SG, Baxter 

NN, Teh CSC, Ng-Kamstra J, Meara JG, Hagander L, Lorenzon L. Immediate and long-term impact of the 

COVID-19 pandemic on delivery of surgical services. Br J Surg (Published online ahead of print April 2020).  

373  Herbert G, Sutton E, Burden S, Lewis S, Thomas S, Ness A, Atkinson C. Healthcare professionals' views of the 

enhanced recovery after surgery programme: a qualitative investigation. BMC Health Serv Res 

2017;17(1):617.  

374  Khattak ZG, Benington PC, Khambay BS, Green L, Walker F, Ayoub AF. An assessment of the quality of care 

provided to orthognathic surgery patients through a multidisciplinary clinic. J Craniomaxillofac Surg 

2012;40(3):243-7.  

375  Gramlich LM, Sheppard CE, Wasylak T, Gilmour LE, Ljungqvist O, Basualdo-Hammond C, Nelson G. 

Implementation of Enhanced Recovery After Surgery: a strategy to transform surgical care across a health 

system. Implement Sci 2017;12(1):67.. 

376  Chen L, Zhang KC, Xi HQ, Wei B. Enhanced recovery after surgery for the gastrointestinal surgery. Zhonghua 

Wai Ke Za Zhi 2017;55(5):325-7.  

377  Day RW, Fielder S, Calhoun J, Kehlet H, Gottumukkala V, Aloia TA. Incomplete reporting of enhanced 

recovery elements and its impact on achieving quality improvement. Br J Surg 2015;102(13):1594-602.  

378  Alcántara-Moral M, Serra-Aracil X, Gil-Egea MJ, Frasson M, Flor-Lorente B, Garcia-Granero E. Observational 

cross-sectional study of compliance with the fast track protocol in elective surgery for colon cancer in 

Spain. Int J Colorectal Dis 2014;29(4):477-83. 

379  Alfonsi P, Slim K, Chauvin M, Mariani P, Faucheron JL, Fletcher D. French guidelines for enhanced recovery 

after elective colorectal surgery. J Visc Surg 2014;151(1):65-79. 

380  Aarts MA, Okrainec A, Glicksman A, Pearsall E, Victor JC, McLeod RS. Adoption of enhanced recovery 

after surgery (ERAS) strategies for colorectal surgery at academic teaching hospitals and impact on total 

length of hospital stay. Surg Endosc 2012;26(2):442-50. 

381  Azhar RA, Bochner B, Catto J, Goh AC, Kelly J, Patel HD, Pruthi RS, Thalmann GN, Desai M. Enhanced 

recovery after urological surgery: a contemporary systematic review of outcomes, key elements, and 

research needs. Eur Urol 2016;70(1):176-87. 

382   Scheib SA, Thomassee M, Kenner JL. Enhanced recovery after surgery in gynecology: a review of the 

literature. J Minim Invasive Gynecol 2019;26(2):327-43.L 

383  Watt DG, McSorley ST, Horgan PG, McMillan DC. Enhanced Recovery After Surgery: which components, if 

any, impact on the systemic inflammatory response following colorectal surgery?: a systematic review. 

Medicine 2015;94(36):e1286. 

384  Zambon M, Biondi-Zoccai G, Bignami E, Ruggeri L, Zangrillo A, Landoni G. A comprehensive appraisal of 

meta-analyses focusing on nonsurgical treatments aimed at decreasing perioperative mortality or major 

cardiac complications. J Anesth 2012;26(4):509-15. 

385   Leeds IL, Boss EF, George JA, Strockbine V, Wick EC, Jelin EB. Preparing enhanced recovery after surgery for 

implementation in pediatric populations. J Pediatr Surg 2016;51(12):2126-9. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Centre for Perioperative Care 
Churchill House, 35 Red Lion Square, London WC1R 4SG 

020 7092 1500 | cpoc@rcoa.ac.uk | cpoc.org.uk | @CPOC_News 


	Impact of perioperative care - rapid review
	Report back cover

