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Abstract | Radical cystectomy is associated with high rates of surgical morbidity. The magnitude of the 
surgical insult is associated with the degree of stress response, particularly in ageing patients with multiple 
comorbidities. Attempts to limit this response and identify areas of improvement with respect to patient 
selection and optimization, anaesthesia, surgical technique and postoperative care underpin the multimodal 
approach to enhanced recovery pathways. No single intervention significantly reduces morbidity, but the 
combination of many interventions at all levels of the pathway is likely to accelerate the patient journey from 
diagnosis to return to normal function.
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Introduction
Enhanced recovery programmes (ERPs), also known as 
enhanced recovery after surgery (ERAS) or fast-track 
surgery programmes, describe a multimodal approach to 
the patient’s treatment pathway, with planned minimiza-
tion of psychological and physiological disruption, from 
diagnosis to return of normal function. The goal of ERPs 
is not early discharge, but a smooth transition through the 
hospital episode and promotion of early return to normal 
function. The by-product of these programmes is likely 
to be a low complication rate, short length of stay and low 
readmission rate. ERPs were first described by Kehlet1 in 
the 1990s and led to a dramatically reduced length of stay 
following colorectal surgery. Acknowledgement of their 
benefit and recent national directives in the UK2 have led 
to a rapid increase in their adoption in urological surgery 
and the release of European guidelines for perioperative 
care after radical cystectomy.3

Radical cystectomy is a highly morbid procedure and 
attention to detail is paramount across the entire enhanced 
recovery pathway. Although the surgical episode is a critical 
component of this journey, the planning and delivery of care 
before and after surgery is equally important. Tradition
ally, the main focus has been on advances in surgical 
technique, with less scrutiny on the remainder of the com-
ponents. In this Review, we discuss the current evidence in 
support of the different facets of an ERP. We also illustrate  
how different clinical units can consider preoperative, peri
operative and postoperative factors to realize the potential 
benefits of fully embedding enhanced recovery principles 
across the entire cystectomy clinical pathway.

Preoperative considerations
Engagement with the pathway should commence pre
operatively with the setting of expectations and education 

of the patient and their carers, as well as nutritional and 
physiological optimization (Box 1).

Patient education
Many of the preoperative optimization and assessment 
tools discussed here are generic to ERPs across many 
surgical specialties because we share a common goal—
namely, to ‘optimize’ the patient prior to surgery, limit-
ing perioperative morbidity and accelerating the return 
to normal function. Effective management of patient 
expectations is a central tenet of the ERP. Patient educa-
tion offers benefits in many domains,4 including the cogni
tive and ethical domains (improving patient knowledge 
and satisfaction), biophysiological domains (increasing 
understanding of anxiety, pain and morbidity), health pro-
motion domains (advising on smoking cessation, alcohol 
reduction and improved nutrition), practical domains 
(stoma education, intermittent self-catheterization and 
social planning) and functional domains (helping patients 
and carers return to normal daily activities).

Patient education—whether it comes in the form of 
one-to-one counselling, written information, DVDs or 
interactive multimedia programmes—not only has the 
effect of setting expectations and goals, but also focuses 
patients and their carers on discharge criteria and facili-
tates discussion. Overwhelmingly, studies have shown 
that, although pain scores and analgesic requirements  
are not decreased by education, levels of patient anxiety are  
significantly reduced.4 Although difficult to quantify 
in multimodal programmes, high anxiety levels have 
been correlated with complications, particularly wound 
infections,5 increased length of stay6 and postoperative 
fatigue with delayed return to normal activities.7 The 
detrimental effects of smoking and alcohol abuse include 
impairment of cardiopulmonary function, immuno
compromise, impaired wound healing, coagulopathy and 
muscle dysfunction;8 cessation has been shown to reduce 
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perioperative morbidity.9 Patients facing major surgery 
are highly motivated in this respect, but concurrent use of 
nicotine replacement10 and dedicated alcohol withdrawal 
support groups—in conjunction with vitamins and long-
acting benzodiazepines, such as chlordiazepoxide—are 
useful adjuncts.11

Full engagement of patients and their carers with the 
ERP multidisciplinary team is mandatory and under-
lines the fact that all components of the programme, 
not just the surgical episode, are important. In particu
lar, stoma education focusing on the technique and 
timing of bag emptying and changing has been shown to 
reduce time to competence, hospital stay and unplanned 
community interventions.12–14

Nutrition and carbohydrate loading
Malnutrition is a recognized risk factor for surgical mor-
bidity15 and can be assessed using validated tools, such 
as the Malnutrition Universal Screening Tool (MUST) 
or Nutritional Risk Screening (NRS). The prevalence of 
malnutrition, defined as an NRS score ≥3, is estimated to 
be between 33% and 46% of patients undergoing major 
urological surgery.16,17 For patients undergoing radical 
cystectomy, malnutrition is an independent predictor 
of 90-day mortality and decreased overall survival.18 
Confirmation of a causal relationship between preopera
tive nutritional optimization and decreased morbidity 
requires further investigation, but a consensus meeting at 

the North American Surgical Nutrition Summit recom
mended that all patients undergoing major surgery 
should have nutritional supplements before, during and 
after surgery.19

Immunonutrition—a combination of arginine, fish 
oils and nucleotides—has been examined over many 
years. A systematic review of 35 randomized control
led trials (RCTs) performed over 20 years found that 
immunonutrition significantly reduces rates of infectious 
complications and length of hospital stay,20 although 
its role in radical cystectomy remains undefined, and 
immunonutrition is rarely used in this setting.

Preoperative bowel preparation is now considered to be 
detrimental, causing the patient electrolyte disturbance 
and distress.21,22 A Cochrane review of 18 RCTs for elec-
tive colorectal surgery showed no difference in rates of 
anastomotic complication, wound infection, reoperation 
and mortality with mechanical bowel preparation com-
pared with no bowel preparation or with rectal enema.23 
Bowel preparation for radical cystectomy with ileal con
duit reconstruction has no benefit,24,25 and one might 
extrapolate this lack of benefit to small bowel neobladder 
reconstruction. However, the role of bowel preparation 
for ileocolic or colonic reconstruction is undefined.

Mounting evidence has challenged the presumed 
benefit of preoperative fasting. A Cochrane review of 22 
RCTs demonstrated no reduction in gastric emptying or 
the prevalence of complications for patients permitted 
clear fluids up to 2 h before surgery as opposed to fasting 
from midnight.26 The practice has, therefore, been widely 
adopted and patients are advised to have no solids from 
6 h before surgery, but should be permitted clear fluids 
≥2 h prior to surgery.27–29

Carbohydrate loading has become a standard of 
care in surgical ERPs. Surgery results in the temporary 
development of insulin resistance, inducing a physio
logical state similar to type 2 diabetes mellitus during 
the recovery phase. The severity of the surgery is pro-
portional to the degree of acquired insulin resistance. 
Furthermore, the greater the degree of insulin resis-
tance, the longer the return to baseline levels.30 The ben-
eficial effects of carbohydrate loading 2 h prior to surgery 
are decreased thirst, hunger and anxiety,26 and a ≤50% 
reduction in insulin resistance.31 In addition, nitrogen 
and protein losses are reduced, and lean body mass and 
muscle strength are better preserved.32–35 In 2013, a meta-
analysis showed a significantly reduced length of stay 
following major abdominal surgery with preoperative 
carbohydrate loading.36

Assessing patient fitness
The use of cardiopulmonary exercise testing (CPET) 
is expanding, but its specific role in ERPs is not yet 
defined. Research has shown that patients with limited 
functional reserves are at greater risk of surgical morbid-
ity. Results from two studies that specifically included 
patients undergoing radical cystectomy demonstrated 
that patients can be risk-stratified with respect to like-
lihood of morbidity and mortality using the CPET 
parameter of an anaerobic threshold <12 ml kg–1min–1 

Key points

■■ Enhanced recovery programmes (ERPs) are multimodal and have preoperative, 
intraoperative and postoperative components

■■ The surgery itself is only one of many important steps; others include 
preoperative patient education, postoperative multimodal analgesia and early 
commencement of enteral nutrition

■■ Reappraisal of existing ERPs, assessment of patient experience and 
identification of areas of improvement are key to ensuring a consistently high 
level of care

■■ Discharge criteria are the tolerance of a normal diet, adequate pain control with 
oral analgesia, competence with either stoma care (conduit) or catheter care 
(neobladder) and the patient feeling adequately supported

■■ Follow-up support includes follow-up telephone calls, a scheduled date for 
clinical review and an emergency contact

Box 1 | Preoperative aspects of ERPs for cystectomy

Educational
■■ Set expectations
■■ Discharge planning
■■ ERP video
■■ Stoma education
■■ Smoking and alcohol cessation

Physiological
■■ Cardiopulmonary exercise testing
■■ Nutrition
■■ Iron replacement
■■ Avoid fasting (to directly limit the development 

of insulin resistance)
■■ Carbohydrate loading (to directly limit the development 

of insulin resistance)
Abbreviation: ERP, enhanced recovery programme.
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or <10.9 ml kg–1min–1.37,38 Using CPET to assess patient 
fitness can help clinicians and patients to make shared 
decisions about risk and also to plan high-dependency 
postoperative care when required. A clearer understand-
ing of the patient’s cardiopulmonary function should 
help the ERP multidisciplinary team to decide when 
strict adherence to the protocol might not be appropriate.

Beyond predicting perioperative morbidity, CPET 
could be used as a primary outcome measure for studies 
of prehabilitation, to improve patients’ fitness preopera
tively. The concept of prehabilitation is intuitive. For 
example, it is important to have a suitable training sched-
ule before exposing one’s body to the extreme cardio
pulmonary stress of running a marathon, and carrying 
out a radical cystectomy with urinary diversion on an 
ageing deconditioned patient should be no different. 
Preoperative exercise schedules reduce postoperative 
complications and length of stay in both the cardiac and 
abdominal surgery settings.39 The intensity and modality 
of training is also important. Results of a meta-analysis 
suggested that, for abdominal surgery, inspiratory muscle 
training confers benefit when applied for as little as 
2 weeks.39 A more-recent review highlighted the benefit 
of preoperative aerobic exercise training for cardiac 
surgery, but the benefit for intra-abdominal surgery 
was uncertain and the evidence base was small.40 The 
challenge for future studies is to optimize the type of 
intervention, as the options include inspiratory muscle 
training, moderate intensity continuous aerobic exercise 
and high-intensity interval aerobic exercise. The other 
challenge within the context of bladder cancer relates 
to timing, and determining the optimal and practi-
cal length of intervention. The use of CPET is likely 
to expand in this field, resulting in improvements in 
cardiopulmonary function.

Perioperative considerations
The perioperative period is a critical time in the ERP 
pathway, and there are specific considerations from both 
the anaesthetic and surgical perspectives (Box 2).

Anaesthetic domains
Anaesthetic protocol details vary according to the sur-
gical approach, patient characteristics and institutional 
preference or experience. Strategies for patient warming 
and antibiotic and venous thromboembolic prophylaxis 
can be standardized between units, but variability is 
inevitable in other aspects. The key enhanced recovery 
principles are avoidance of postoperative nausea and 
vomiting, minimization of the stress response, optimal 
analgesia to minimize opiate use and individualized 
goal‑directed fluid therapy (IGDFT).

Premedication with long-acting benzodiazepines 
reduces psychomotor function and causes increased 
delirium in patients aged >65 years and is, therefore, 
discouraged.41,42 Intraoperative short-acting agents (such 
as propofol for induction of anaesthesia and alfentanil 
or remifentenil for analgesia) are preferred, and neuro
muscular blockade can be titrated according to the 
results of neuromuscular monitoring.43

Intraoperative neural blockade, either central or 
regional, can minimize intraoperative and postoperative 
opiate use and facilitate early enteral feeding and mobil-
ity. The superiority of thoracic epidural anaesthesia over 
patient-controlled analgesia has been widely documented 
in open colorectal surgery for pain relief, reduction in post-
operative ileus and length of stay.44,45 However, in laparo
scopic colorectal surgery, thoracic epidural anaesthesia 
was inferior to spinal anaesthesia and inferior to patient-
controlled analgesia in terms of intravenous fluid require-
ment, nausea, return to normal bowel function and length 
of stay.46,47 For radical cystectomy, no prospective studies 
have compared modalities of perioperative analgesia in the 
enhanced recovery era. Different ERP units have demon-
strated successful programmes for open radical cystec-
tomy with thoracic epidural anaesthesia,48–50 rectus sheath 
catheters51,52 and patient-controlled analgesia alone.53 
Increasing uptake of minimally invasive surgery will con-
tinue to decrease the use of thoracic epidural anaesthesia, 
with a probable increase in regional blocks (such as the 
transversus abdominis plane block) and local anaesthetic 
infusion catheters (such as rectal sheath catheters).

IGDFT aims to optimize perfusion and oxygen deliv-
ery by maintaining normal physiological fluid balance 
and homeostasis. A balance is required between fluid 
overload, with resultant bowel oedema and interstitial 
pulmonary fluid, and volume depletion with resultant 
splanchnic hypoperfusion. Both of these irregularities 
lead to morbidity and gastrointestinal dysfunction.54

A number of monitoring tools can be used for IGDFT, 
including lithium dilution cardiac output and oesopha-
geal Doppler ultrasonography, both of which provide 
a dynamic assessment of intraoperative cardiac stroke 
volume and the patient’s response to fluid challenges. The 
aim is to maintain near-maximal stroke volume. The use 
of oesophageal Doppler ultrasonography, which measures 
the arterial blood-flow velocity in the descending thoracic 
aorta using an oesophageal flexible ultrasound probe, 
has been studied in a single randomized trial of open 
radical cystectomy.55 Within the limitations of the trial, 

Box 2 | Intraoperative aspects of ERPs for cystectomy

Anaesthetic
■■ Avoid preoperative benzodiazepines
■■ Short-acting anaesthetic agents
■■ Individualized goal-directed fluid therapy
■■ Neural blockade (to directly limit the development 

of insulin resistance)
■■ Patient warming
■■ Antibiotic prophylaxis
■■ Venous thromboembolism prophylaxis

Surgical
■■ Avoid preoperative benzodiazepines
■■ Cell salvage
■■ Minimize incision (minimally invasive surgery)
■■ Extraperitoneal dissection
■■ Reperitonealization
■■ Avoid nasogastric intubation
■■ Drain strategy

Abbreviation: ERP, enhanced recovery programme.
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which include the exclusion of patients with an American 
Society of Anesthesiologists categorization of ≥3 and its 
small sample size, the study showed decreased levels of 
nausea, vomiting and postoperative ileus, and a faster 
return to bowel opening, in the group with intraoperative 
fluid guided by Doppler ultrasonography compared with 
the control group who received standard intraoperative 
fluids.55 The consensus of opinion amongst urologists and 
perioperative physicians favours IGDFT.56,57

Patient warming, antibiotics and VTE
The prevention of intraoperative hypothermia (defined as 
a core temperature of <36.0°C) helps to prevent wound 
infection, perioperative coagulopathy and myocardial 
ischaemia, as well as reduce length of stay.58 Active warm
ing strategies such as forced-air warming blankets and 
the instillation of warmed intravenous fluids are consid-
ered more effective than passive measures such as alumi
nium wraps and linen blankets.59 The recommendation 
is that warming should continue in the recovery room, as 
shivering increases oxygen consumption.60

Radical cystectomy is regarded as a clean-contaminated 
procedure, as it involves entry into a body cavity that con-
tains bacterial colonization. EAU guidelines recommend a 
single or 24 h antibiotic dosing regimen, although the dura-
tion of therapy can be extended to <72 h if the patient has 
specific risk factors or a prolonged operation. AUA guide-
lines recommend a second-generation or third-generation 
cephalosporin or a combination of gentamicin and metro
nidazole for 24 h in the absence of other patient-specific 
factors.61,62 In terms of skin preparation and antiseptic, 
a systematic review found superiority of chlorhexidine 
gluconate plus alcohol over povidone iodine.63

The rate of venous thromboembolism (VTE) following 
radical cystectomy has been quoted as between 2.9% and 
24.4%.64–66 Although the incidence of pulmonary emboli 
is low (1.6%),64 when they do occur, they are fatal in 20% 
of patients.65 More than 50% of VTEs occur after dis-
charge from hospital.66 Although not specifically relating 
to radical cystectomy, a Cochrane review of in-hospital-
only thromboprophylaxis versus extended postoperative 
thromboprophylaxis for 1 month demonstrated a signifi
cant benefit for extended use of low-molecular-weight 
heparin.67 AUA guidelines recommend that intermittent 
pneumatic compression devices should be used during 
surgery, and suggest that pharmacological prophylaxis 
be considered in patients at high risk of VTE.68 However, 
the National Institute for Health and Clinical Excellence 
in the UK have recommended extended pharmaco-
logical thromboprophylaxis for 28 days postoperatively 
for patients who have had major cancer surgery of the 
abdomen or pelvis.69

Blood conservation strategies
The UK national dataset for radical cystectomy records 
a blood transfusion rate of 30%.70 Given the immuno
suppressive effects of allogeneic blood transfusion, much 
research has focused on the effect of this blood conserva-
tion strategy on overall survival and cancer-free survival 
after surgery. For patients undergoing radical cystectomy, 

some clinicians think that the association between 
perioperative blood transfusion and increased cancer 
recurrence and decreased survival relates to the fact 
that patients who receive these transfusions have more-
advanced disease and surgical complexity.71 However, 
another study has shown direct associations between 
perioperative blood transfusion and all-cause mortality, 
death from bladder cancer and cancer recurrence upon 
multivariate analysis.72 The advent of minimally invasive 
surgery could obviate the need for blood transfusion, but 
attention should still be paid to detecting preoperative 
anaemia, with potential use of iron-replacement therapy. 
Allogeneic transfusion can be avoided with the use of 
intraoperative cell salvage for autologous transfusion,73 
which can be supplemented with leukocyte filtration or 
irradiation, to reduce any possible risk of transferring 
metastatic cells.74

Surgical considerations
Whether the surgical approach is open or minimally inva-
sive, a number of intraoperative techniques can confer 
advantages. Single-institution studies have reported 
potential benefits with a mini-incision,53 an extraperi-
toneal bladder dissection,49,75 reperitonealization fol-
lowing lymphadenectomy76,77 and stapled (rather than 
hand‑sewn) anastomoses.51

The next-step change for ERPs is likely to be increased 
uptake of minimally invasive surgery, including robot-
assisted approaches. Minimally invasive surgery reduces 
the body’s stress response and development of insulin 
resistance30 and uses smaller incisions, reducing analgesic 
requirements. Patients are less likely to require thora
cic epidural anaesthesia, thereby avoiding hypotension 
and reducing intravenous fluid and postoperative opiate 
requirement. Minimally invasive surgery reduces bowel 
handling, and the increasing trend for intracorporeal 
urinary diversion leads to less bowel exposure and reduced 
insensible fluid losses.78 Contemporary case series of 
minimally invasive surgeries confirm reduced blood loss, 
often obviating the need for transfusion of blood products, 
which might improve long-term survivorship.79,80

Open and robotic cystectomy have been compared in 
a meta-analysis that identified one RCT, eight prospec-
tive studies and four retrospective studies.81 Use of ERPs 
was not universal, but the analysis concluded that robot-
assisted radical cystectomy was associated with a statisti-
cally significant decrease in perioperative complications, 
blood loss and transfusion rates, and a shorter length of 
stay.81 The single RCT82 cited in this meta-analysis was 
conducted in the institution with the longest established 
ERP worldwide. The authors concluded that, although 
operative times were statistically longer in the robotic 
surgery group, blood loss, time to flatus, time to bowel 
movement and morphine analgesia use were all signifi-
cantly improved compared with open surgery.82 These data 
are encouraging, and the clinical benefit seems intuitive, 
but it is worth remembering that the number of patients in  
the RCT was small, so further large RCTs are required  
in the context of high-functioning ERPs before definitive 
conclusions can be drawn.
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Regardless of the surgical approach, the use of intra-
abdominal drains continues to be debated. Nasogastric 
tubes are no longer recommended. In colorectal surgery, 
meta-analyses have concluded that intra-abdominal 
drains confer no benefits in terms of anastomotic dehis-
cence, wound infection, reoperation, extra-abdominal 
complications or mortality.83 For radical cystectomy and 
urinary reconstruction, the subject remains controver-
sial, but observational studies have shown no detriment 
to omission or early removal of the drain, or to short-
ening the drain into a stoma bag.49,51,75 With regard to 
nasogastric tubes, extrapolation is possible from level 1a 
evidence relating to colorectal surgery to show drains are 
not only unnecessary, but also detrimental.84

Postoperative considerations
Historically, a patient who has undergone cystectomy 
might be thought of as a patient who is nil by mouth, 
with a nasogastric tube in situ, who is bedbound and has 
a prolonged hospital stay. Within an ERP, almost the direct 
opposite is considered the required standard of care, owing 
to the consideration of a number of postoperative factors 
(Box 3).

Early feeding
Within 24 h of the initiation of starvation, the body 
develops insulin resistance, but early feeding can reduce 
this resistance, with beneficial effects on muscle func-
tion, wound healing and sepsis.85 Concern has tradition-
ally focused on the risk of bowel complications, but a 
meta-analysis of major abdominal surgery (not includ-
ing cystectomy) concluded that pneumonia, anastomotic 
dehiscence, wound infection and mortality were all less 
likely with early feeding. Secondary end points, includ-
ing time to flatus, time to bowel motion and length of 
stay, are all also improved by early feeding.86 Intravenous 
fluids should be minimized postoperatively to prevent 
fluid overload and bowel oedema. If normovolaemic 
hypotension is seen with thoracic epidural anaesthesia, 
it should be corrected with vasopressors;87 if paren-
teral fluids are required, balanced crystalloid such as 
Hartmann’s solution should be used in preference to 
0.9% saline to protect against electrolyte disruption and 
hyperchloraemic metabolic acidosis.88

Gum chewing
Gum chewing is a form of sham feeding that has been 
studied specifically in the context of open and robot-
assisted radical cystectomy in two trials that showed a sig-
nificantly decreased time to flatus and first bowel motion 
in both open and robotic groups with chewing.89,90 
However, drugs that enhance gastrointestinal motility 
—specifically, erythromycin and metoclopramide—
have shown no benefit in decreasing time to flatus or 
first bowel movement.91,92 However, in light of this evi-
dence, metoclopramide was removed from one of the 
most-established ERPs for radical cystectomy, resulting 
in a significant increase in levels of nausea and vomiting 
and prompting its reinstitution to facilitate tolerance of 
early enteral intake.93

μ‑Opioid receptor antagonists
Much enthusiasm exists for alvimopan, a peripherally 
active μ‑opioid receptor antagonist that helps patients to  
tolerate a solid diet and was shown to decrease time 
to flatus in series of patients undergoing colorectal 
surgery.94 The use of alvimopan in radical cystectomy 
reduces length of stay and costs associated with post
operative ileus.95 The results of an RCT published in 
2014 showed a significantly decreased length of stay and 
quicker bowel recovery for alvimopan treatment com-
pared with placebo.96 However, this study included a 
high proportion of patients who underwent open radical 
cystectomy, and the use of alvimopan with minimally 
invasive surgery and established ERPs is undefined, par-
ticularly as minimally invasive surgery using multimodal 
analgesia has shown lower morphine requirements than 
open surgery.52,82

Multimodal analgesia
The aim of multimodal analgesia is to provide effective 
pain relief and to minimize adverse effects, especially 
those that are associated with opioids. The use of mini-
mally invasive surgery and regional, rather than central, 
nerve blockade remains the mainstay of pain relief. The 
use of regular intravenous or oral paracetamol as well 
as NSAIDs has been a well-documented aspect of many 
cystectomy ERPs,48–51,75,93 but concerns exist regarding 
cardiac toxicity and anastomotic dehiscence with these 
treatments. The cardiac risk with chronic NSAID use 
is greatest with diclofenac, followed by ibuprofen and 
then naproxen, and has not been quantified in the acute 
perioperative setting.97 A Danish multicentre cohort 
study involving 2,766 patients undergoing colorectal 
surgery concluded that diclofenac was associated with a 
significantly higher anastomotic leak rate, but no differ-
ence in mortality, compared with patients who received 
alternative medication, whereas ibuprofen was associ-
ated with a higher leak rate that did not reach statisti-
cal significance.98 Cyclo-oxygenase (COX)-2-selective 
NSAIDs (such as diclofenac) might have a higher micro-
thrombotic effect that is more likely to affect anastomotic 

Box 3 | Postoperative aspects of ERPs for cystectomy

Limit postoperative ileus
■■ Limit intravenous fluids
■■ Early enteral intake (to directly limit the development 

of insulin resistance)
■■ Multimodal analgesia
■■ Minimize opiates
■■ Chewing gum
■■ Antiemetics
■■ Early mobilization (to directly limit the development 

of insulin resistance)

Practical
■■ Early stoma engagement
■■ Discharge planning
■■ Extended thromboprophylaxis training
■■ Measure quality-of-life outcomes or patient-reported 

outcome measures
Abbreviation: ERP, enhanced recovery programme.
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blood supply than nonselective or COX‑1-selective 
NSAIDs (such as ketoralac, ibuprofen and naproxen),98 
although these concerns have not been apparent in 
cystectomy series.

Appropriate analgesia can facilitate mobility and early 
mobility is, therefore, thought to counteract insulin resis-
tance, to reduce chest infections and thromboembolic 
risk and to increase muscle strength.99,100 Studies of 
patients who have undergone laparoscopic colorectal 
surgery with ERPs have shown that early mobiliza-
tion is associated with improved outcomes, and lack of 
adherence to early mobilization protocols is associated 
with longer length of stay.101 Early ambulation is widely 
practiced in established cystectomy ERPs.102

Discharge criteria and patient experience
Criteria for safe discharge include good pain control, 
tolerance of normal diet, evidence of normal bowel 
activity, absence of clinical and biochemical concern 
and stoma or neobladder competency. Patients should 
feel well supported and routine telephone consultation, 
as well as the provision of an emergency patient hotline, 
has been suggested as a standard of care.51,75

Assessment of the patient experience should under-
pin ERPs. Quality-of-life measures and specific cancer-
related outcomes have not always been documented with 
conventional care. One study,103 involving randomized 
allocation of patients to conventional care or enhanced 
recovery for radical cystectomy, assessed outcomes 
according to European Organization for Research and 
Treatment of Cancer (EORTC) quality of life (QLQ‑30) 
questionnaires. Emotional functioning scores were 
significantly higher for more than half of the measured 
domains at time of discharge in the ERP group compared 
with the conventional care group. This study was the first 
of its kind to demonstrate emotional benefits for patients 
undergoing ERPs for radical cystectomy.103

Conclusions
ERPs are critical-care pathways designed to focus atten-
tion on all parts of the patient journey, to add value and 
reduce inconsistency. This model has been adapted from 
industry and is sometimes referred to as ‘lean thinking’. 
The lean approach (derived from the management philo
sophy of the Toyota Production System that helped the 
Japanese company become one of the world’s largest 
manufacturers of cars) has been targeted by health-care 

innovation and improvement teams in the UK to assess 
whether similar approaches to patient care can lead to 
improvements in the quality and effectiveness of surgi-
cal care. The lean philosophy identifies areas of potential 
added value and eliminates three things: ‘muda’, which is 
Japanese for ‘activity that is wasteful’; ‘mura’, which 
is Japanese for ‘inconsistency’; and ‘muri’, which is 
Japanese for ‘absurdness’.104 The application of muda, 
mura and muri to surgical practice underpin ERPs as 
they involve questioning historical principles, upholding 
the many that add value and changing those that hamper 
patient progress.

ERPs are also examples of process innovation. Sur
geons are often quick to adopt product innovation, as 
exemplified by the advent of minimally invasive techno
logies; however, process innovations represent important 
and much-needed opportunities to improve outcomes 
and reduce costs by improving the entire patient pathway. 
Opportunities exist at many steps of this pathway to add 
value and remove outdated practice. The surgical episode 
is, of course, critically important, but we are learning to 
see that the patient journey involves many important 
episodes, from diagnosis to the return of normal activity.

The greatest challenge is identifying and reducing the 
mura, or inconsistency, within units and between dif-
ferent hospital units. Educational conferences, dissemi-
nation of practice, evaluation of the patient experience 
and continuous reappraisal of existing ERPs are key to 
this process, and the goal is to ensure a high standard 
of consistent clinical care for patients. We hope that 
the current enthusiasm for ERPs will contribute to an 
increased momentum for defining the current standard 
of care for patients undergoing radical cystectomy, and 
that the change from traditional care to ERPs will con-
tinue to herald further ‘kaizen’ (meaning ‘changes for the 
best’ in Japanese).105

Review criteria

A literature review was performed for original articles 
published between January 1997 and April 2014 
focusing on enhanced recovery and its elements in 
MEDLINE and PubMed. Eligible articles included meta-
analyses, randomized controlled trials and cohort 
studies. The reference lists of identified articles were 
also analysed for valuable articles. All papers identified 
were English‑language full text papers.

1.	 Kehlet, H. Multimodal approach to control 
postoperative pathophysiology and 
rehabilitiation. Br. J. Anaesth. 78, 606–617 
(1997).

2.	 NHS Institute for Innovation and Improvement. 
Enhanced Recovery Programme [online], http://
www.institute.nhs.uk/quality_and_service_
improvement_tools/quality_and_service_
improvement_tools/enhanced_recovery_
programme.html (2008).

3.	 Cerantola, Y. et al. Guidelines for perioperative 
care after radical cystectomy for bladder cancer: 
Enhanced Recovery After Surgery (ERAS®) 
society recommendations. Clin. Nutr. 32,  
879–887 (2013).

4.	 Ronco, M., Iona, L., Fabbro, C., Bulfone, G. 
& Palese, A. Patient education outcomes 
in surgery: a systematic review from 2004 to 
2010. Int. J. Evid. Based Healthc. 10, 309–323 
(2012).

5.	 Broadbent, E. et al. A brief relaxation  
intervention reduces stress and improves 
surgical wound healing response: a  
randomised trial. Brain Behav. Immun. 26,  
212–217 (2012).

6.	 Kiecolt-Glaser, J. K., Page, G. G., Marucha, P. T., 
MacCallum, R. C. & Glaser, R. Psychological 
influences on surgical recovery. Perspectives 
from psychoneuroimmunology. Am. Psychol. 53, 
1209–1218 (1998).

7.	 Kahokehr, A., Broadbent, E., Wheeler, B. R., 
Sammour, T. & Hill, A. G. The effect of 
perioperative psychological intervention on 
fatigue after laparoscopic cholecystectomy: 
a randomized controlled trial. Surg. Endosc. 26, 
1730–1736 (2012).

8.	 Tonnesen, H., Nielsen, P. R., Lauritzen, J. B. 
& Moller, A. M. Smoking and alcohol 
intervention before surgery: evidence for 
best practice. Br. J. Anaesth. 102, 297–306 
(2009).

9.	 Tonnesen, H. et al. Effect of preoperative 
abstinence on poor postoperative outcome in 
alcohol misusers: randomised controlled trial. 
BMJ 318, 1311–1316 (1999).

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved



NATURE REVIEWS | UROLOGY 	 VOLUME 11  |  AUGUST 2014  |  443

10.	 Mastracci, T. M. et al. Effect of preoperative 
smoking cessation interventions on 
postoperative complications. J. Am. Coll. Surg. 
212, 1094–1096 (2011).

11.	 Tonnesen, H., Kaiser, A. H., Nielsen, B. B. & 
Pedersen, A. E. Reversibility of alcohol-induced 
immune depression. Br. J. Addict. 87,  
1025–1028 (1992).

12.	 Chaudhri, S., Brown, L., Hassan, I. & 
Horgan, A. F. Preoperative intensive, community-
based vs. traditional stoma education: a 
randomized, controlled trial. Dis. Colon Rectum 
48, 504–509 (2005).

13.	 Colwell, J. C. & Gray, M. Does preoperative 
teaching and stoma site marking affect surgical 
outcomes in patients undergoing ostomy 
surgery? J. Wound Ostomy Continence Nurs. 34, 
492–496 (2007).

14.	 Kristensen, S. A., Laustsen, S., Kiesbye, B. 
& Jensen, B. T. The Urostomy Education Scale: a 
reliable and valid tool to evaluate urostomy self-
care skills among cystectomy patients. J. Wound 
Ostomy Continence Nurs. 40, 611–617 (2013).

15.	 Garth, A. K., Newsome, C. M., Simmance, N. & 
Crowe, T. C. Nutritional status, nutrition practices 
and post-operative complications in patients 
with gastrointestinal cancer. J. Hum. Nutr. Diet. 
23, 393–401 (2010).

16.	 Cerantola, Y. et al. Are patients at nutritional risk 
more prone to complications after major 
urological surgery. J. Urol. 190, 2126–2132 
(2013).

17.	 Karl, A. et al. Prospective assessment of 
malnutrition in urological patients. Urology 73, 
1072–1076 (2009).

18.	 Gregg, J. R. et al. Effect of preoperative 
nutritional deficiency on mortality after radical 
cystectomy for bladder cancer. J. Urol. 185, 
90–96 (2011).

19.	 McClave, S. A. et al. Summary points and 
consensus recommendations from the North 
American Surgical Nutrition Summit. JPEN 
J. Parenter. Enteral Nutr. 37, 99S–105S (2013).

20.	 Drover, J. W. et al. Perioperative use of arginine-
supplemented diets: a systematic review of 
the evidence. J. Am. Coll. Surg. 212, 385–399 
(2012).

21.	 Holte, K., Nielsen, K. G., Madsen, J. L. 
& Kehlet, H. Physiologic effects of bowel 
preparation. Dis. Colon Rectum 47, 1397–1402 
(2004).

22.	 Jung, B. et al. Preoperative mechanical 
preparation of the colon: the patient’s 
experience. BMC Surg. 7, 5 (2007).

23.	 Guenaga, K. F., Matos, D., Castro, A. A., 
Atallah, A. N. & Wille-Jorgensen, P. Mechanical 
bowel preparation for elective colorectal surgery. 
Cochrane Database of Systematic Reviews, 
Issue 2. Art. No.: CD001544. http://dx.doi.org/ 
10.1002/14651858.CD001544.

24.	 Xu, R., Zhao, X., Zhong, Z. & Zhang, L. 
No advantage is gained by preoperative bowel 
preparation in radical cystectomy and ileal 
conduit: a randomized controlled trial of 86 
patients. Int. Urol. Nephrol. 42, 947–950 (2010).

25.	 Shafii, M., Murphy, D. M., Donovan, M. G. & 
Hickey, D. P. Is mechanical bowel preparation 
necessary in patients undergoing cystectomy 
and urinary diversion? BJU Int. 89, 879–881 
(2002).

26.	 Brady, M., Kinn, S. & Stuart, P. Preoperative 
fasting for adults to prevent perioperative 
complications. Cochrane Database of Systematic 
Reviews, Issue 4. Art. No.: CD004423. http://
dx.doi.org/10.1002/14651858.CD004423.

27.	 Søreide, E. & Ljungqvist, O. Modern preoperative 
fasting guidelines: a summary of the present 
recommendations and remaining questions. 

Best Pract. Res. Clin. Anaesthesiol. 20, 483–491 
(2006).

28.	 Smith, I. et al. Perioperative fasting in adults 
and children: guidelines from the European 
Society of Anaesthesiology. Eur. J. Anaesthesiol. 
28, 556–569 (2011).

29.	 Association of Anaesthetists of Great Britain and 
Ireland (AAGBI). Pre-operative Assessment and 
Patient Preparation. The Role of the Anaesthetist 
[online], http://www.aagbi.org/sites/default/
files/preop2010.pdf (2010). 

30.	 Ljungqvist, O. Jonathan E. Rhoads lecture 2011: 
insulin resistance and enhanced recovery after 
surgery. JPEN J. Parenter. Enteral Nutr. 36,  
389–398 (2012).

31.	 Nygren, J. The metabolic effects of fasting and 
surgery. Best Pract. Res. Clin. Anaesthesiol. 20, 
429–438 (2006).

32.	 Crowe, P. J., Dennison, A. & Royle, G. T. 
The effect of pre-operative glucose loading on 
postoperative nitrogen metabolism. Br. J. Surg. 
71, 635–637 (1984).

33.	 Svanfeldt, M. et al. Randomized clinical trial 
of the effect of preoperative oral carbohydrate 
treatment on postoperative whole-body protein 
and glucose kinetics. Br. J. Surg. 94,  
1342–1350 (2007).

34.	 Yuill, K. A., Richardson, R. A., Davidson, H. I., 
Garden, O. J. & Parks, R. W. The administration 
of an oral carbohydrate-containing fluid prior to 
major elective upper-gastrointestinal surgery 
preserves skeletal muscle mass postoperatively 
—a randomised clinical trial. Clin. Nutr. 24, 
32–37 (2005).

35.	 Henriksen, M. G. et al. Effects of preoperative 
oral carbohydrates and peptides on 
postoperative endocrine response, mobilization, 
nutrition and muscle function in abdominal 
surgery. Acta Anaesthesiol. Scand. 47, 191–199 
(2003).

36.	 Awad, S., Varadhan, K. K., Ljungqvist, O. 
& Lobo, D. N. A meta-analysis of randomised 
controlled trials on preoperative oral 
carbohydrate treatment in elective surgery. 
Clin. Nutr. 32, 34–44 (2013).

37.	 Prentis, J. M. et al. Impaired cardiopulmonary 
reserve in an elderly population is related to 
postoperative morbidity and length of stay after 
radical cystectomy. BJU Int. 112, E13–E19 
(2013).

38.	 Wilson, R. J., Davies, S., Yates, D., Redman, J. 
& Stone, M. Impaired functional capacity is 
associated with all-cause mortality after major 
elective intra-abdominal surgery. Br. J. Anaesth. 
105, 297–303 (2010).

39.	 Valkenet, K. et al. The effects of preoperative 
exercise therapy on postoperative outcome: 
a systematic review. Clin. Rehabil. 25, 99–111 
(2011).

40.	 O’Doherty, A. F., West, M., Jack, S. & Grocott, M. P. 
Preoperative aerobic exercise training in elective 
intra-cavity surgery: a systematic review. Br. J. 
Anaesth. 110, 679–689 (2013).

41.	 Walker, K. J. & Smith, A. F. Premedication for 
anxiety in adult day surgery. Cochrane Database 
of Systematic Reviews, Issue 7. Art. No.: 
CD002192. http://dx.doi.org/10.1002/ 
14651858.CD002192.pub2.

42.	 Lepouse, C., Lautner, C. A., Liu, L., Gomis, P. 
& Leon, A. Emergence delirium in adults in the 
post-anaesthesia care unit. Br. J. Anaesth. 96,  
747–753 (2006).

43.	 Gustafsson, U. O. et al. Enhanced Recovery After 
Surgery Society. Guidelines for perioperative 
care in elective colonic surgery: Enhanced 
Recovery After Surgery (ERAS®) Society 
recommendations. Clin. Nutr. 31, 783–800 
(2012).

44.	 Jorgensen, H., Wetterslev, J., Moiniche, S. 
& Dahl, J. B. Epidural local anaesthetics versus 
opiate based analgesic regimes on post 
operative gastointesinal paralysis, PONV and 
pain after abdominal surgery. Cochrane 
Database of Systematic Reviews, Issue 4. 
Art. No.: CD001893. http://dx.doi.org/ 
10.1002/14651858.CD001893.

45.	 Lassen, K. et al. Consensus review of optimal 
perioperative care in colorectal surgery: 
Enhanced Recovery After Surgery (ERAS) Group 
recommendations. Arch. Surg. 144, 961–969 
(2009).

46.	 Levy, B. F., Scott, M. J., Fawcett, W., Fry, C. 
& Rockall, T. A. Randomized clinical trial of 
epidural, spinal or patient-controlled analgesia 
for patients undergoing laparoscopic colorectal 
surgery. Br. J. Surg. 98, 1068–1078 (2011).

47.	 Wongyingsinn, M. et al. Spinal analgesia 
for laparoscopic colonic resection using an 
enhanced recovery after surgery program. 
Better analgesia, but no benefits on 
postoperative recovery: a randomised controlled 
trial. Br. J. Anaesth. 108, 850–856 (2012).

48.	 Maffezzini, M., Campodonico, F., Canepa, G., 
Gerbi, G. & Parodi, D. Current perioperative 
management of radical cystectomy with 
intestinal urinary reconstruction for muscle-
invasive bladder cancer and reduction of the 
incidence of postoperative ileus. Surg. Oncol. 
17, 41–48 (2008).

49.	 Mukhtar, S., Ayres, B. E., Issa, R., Swinn, M. J. 
& Perry, M. J. A. Challenging boundaries: 
an enhanced recovery program for radical 
cystectomy. Ann. R. Coll. Surg. Engl. 95,  
200–206 (2013).

50.	 Blick, C. et al. The use of a multimodal enhanced 
recovery program for patients undergoing radical 
cystectomy. J. Clin. Urol. 234, 234–238 (2013).

51.	 Smith, J. et al. The evolution of the Southampton 
Enhanced Recovery Program for radical 
cystectomy and the aggregation of marginal 
gains. BJU Int. http://dx.doi.org/10.1111/
bju.12644. 

52.	 Dutton, T. J., McGrath, J. S. & Daugherty, M. O. 
Use of rectus sheath catheters for pain relief 
in patients undergoing major pelvic urological 
surgery. BJU Int. 113, 246–253 (2014). 

53.	 Pruthi, R. D. S., Chun, J. & Richman, M. Reducing 
time to oral diet and hospital discharge in 
patients undergoing radical cystectomy using a 
perioperative care plan. Urology 62, 661–665 
(2003).

54.	 Bundgaard-Nielsen, M., Secher, N. H. & 
Kehlet, H. Liberal vs restrictive perioperative fluid 
therapy—a critical assessment of the evidence. 
Acta Anaesthesiol. Scand. 53, 843–851 (2009).

55.	 Pillai, P. et al. A double-blind randomized 
controlled clinical trial to access the effect 
of Doppler optimized intraoperative fluid 
management on outcome following radical 
cystectomy. J. Urol. 186, 2201–2206 (2011).

56.	 Knott, A. et al. Consensus views on 
implementation and measurement of enhanced 
recovery after surgery in England: Delphi study. 
BMJ Open 2, e001878 (2012).

57.	 Powell-Tuck, J. et al. British Consensus Guidelines 
on Intravenous Fluid Therapy for Adult Surgical 
Patients [online], www.bapen.org.uk/pdfs/
bapen_pubs/giftasup.pdf (2008). 

58.	 Harper, C. M., McNicholas, T. & 
Gowrie‑Mohan, S. Maintaining perioperative 
normothermia. BMJ 326, 721–722 (2003).

59.	 Moola, S. & Lockwood, C. Effectiveness of 
strategies for the management and/or 
prevention of hypothermia within the adult 
perioperative environment. Int. Evid. Based 
Healthc. 9, 337–345 (2011).

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved



444  |  AUGUST 2014  |  VOLUME 11� www.nature.com/nrurol

60.	 Camus, Y., Dleva, E., Cohen, S. & Lienhart, A. 
The effects of warming intravenous fluids on 
intraoperative hypothermia and postoperative 
shivering during prolonged abdominal surgery. 
Acta Anaesthesiol. Scand. 40, 779–782 (1996).

61.	 European Association of Urology. Guidelines 
on Urological Infections [online], http:// 
www.uroweb.org/gls/pdf/15_Urological_
Infections.pdf (2011). 

62.	 American Urological Association. Best Practice 
Policy Statement on Urologic Surgery 
Antimicrobial Prophylaxis [online], http:// 
www.auanet.org/education/guidelines/
antimicrobial-prophylaxis.cfm (2008).

63.	 Maiwald, M. & Chan, E. S. The forgotten role of 
alcohol: a systematic review and meta-analysis 
of the clinical efficacy and perceived role of 
chlorhexidine in skin antisepsis. PLoS ONE 7, 
e44277 (2012).

64.	 Dyer, J., Wyke, S. & Lynch, C. Hospital Episode 
Statistics data analysis of postoperative venous 
thromboembolus in patients undergoing 
urological surgery: a review of 126,891 cases. 
Ann. R. Coll. Surg. Engl. 95, 65–69 (2013).

65.	 Clément, C. et al. Incidence, risk profile and 
morphological pattern of lower extremity venous 
thromboembolism after urological cancer 
surgery. J. Urol. 186, 2293–2297 (2011).

66.	 Vandlac, A. A. et al. Timing, incidence, and risk 
factors of venous thromboembolism in patients 
undergoing radical cystectomy for malignancy: 
A case for extended duration pharmacologic 
prophylaxis. J. Urol. 191, 943–947 (2014). 

67.	 Rasmussen, M. S., Jørgensen, L. N. 
& Wille‑Jørgensen, P. Prolonged 
thromboprophylaxis with low molecular weight 
heparin for abdominal or pelvic surgery. 
Cochrane Database of Systematic Reviews, 
Issue 1. Art. No.: CD004318. http://dx.doi.org/ 
10.1002/14651858. CD004318.

68.	 American Urological Association. Best Practice 
Policy Statement for the Prevention of Deep Vein 
Thrombosis in Patients Undergoing Urologic 
Surgery [online], https://www.auanet.org/
education/guidelines/deep-vein-thrombosis.cfm 
(2008).

69.	 National Institute for Health and Clinical 
Excellence. Venous thromboembolism: reducing 
the risk [online], http://www.nice.org.uk/
nicemedia/live/12695/47195/47195.pdf 
(2010).

70.	 The British Association of Urological Surgeons. 
Analysis of cystectomy dataset January–
December 2011 [online], http://www.baus.org.
uk/Resources/BAUS/Documents/PDF% 
20Documents/Data%20and%20Audit/
Cystectomy%20Analyses%202011.pdf (2012).

71.	 Kluth, L. A. et al. Impact of perioperative blood 
transfusion on the outcome of patients 
undergoing radical cystectomy for urothelial 
carcinoma of the bladder. BJU Int. 113, 393–398 
(2014).

72.	 Linder, B. J. et al. The impact of perioperative 
blood transfusion on cancer recurrence and 
survival following radical cystectomy. Eur. Urol. 
63, 839–845 (2013).

73.	 Aning, J. et al. Towards bloodless cystectomy: 
a 10-year experience of intra-operative cell 
salvage during radical cystectomy. BJU Int. 110, 
E608–E613 (2012).

74.	 Waters, J. H., Yazer, M., Chen, Y. F. & Kloke, J. 
Blood salvage and cancer surgery: a meta-
analysis of available studies. Transfusion 52, 
2167–2173 (2012).

75.	 Dutton, T. J., Daugherty, M. O., Mason, R. G. 
& McGrath, J. S. Implementation of the Exeter 
enhanced recovery programme for patients 

undergoing radical cystectomy. BJU Int. 113,  
719–725 (2014).

76.	 Warde, N. Bladder cancer: Reperitonealization 
after extended PLND and cystectomy improves 
postoperative pain and recovery of bowel 
function. Nat. Rev. Urol. 8, 8 (2011).

77.	 Roth, B. et al. Readaptation of the peritoneum 
following extended pelvic lymphadenectomy and 
cystectomy has a significant beneficial impact 
on early postoperative recovery and 
complications: results of a prospective 
randomized trial. Eur. Urol. 59, 204–210 
(2011).

78.	 Collins, J. & Wiklund, N. Totally intracorporeal 
robot assisted radical cystectomy: optimizing 
total outcomes. BJU Int. http://dx.doi.org/ 
10.1111/bju.12558.

79.	 Pruthi, R. S. et al. Robotic radical cystectomy 
for bladder cancer: surgical and pathological 
outcomes in 100 consecutive cases. J. Urol. 
183, 510–514 (2010).

80.	 Ahmed, K. et al. Analysis of intracorporeal 
compared with extracorporeal urinary diversion 
after robot-assisted radical cystectomy: results 
from the International Robotic Cystectomy 
Consortium. Eur. Urol. 65, 340–347 (2014).

81.	 Li, K. et al. Systematic review and meta-analysis 
of comparative studies reporting early outcomes 
after robot-assisted radical cystectomy versus 
open radical cystectomy. Cancer Treat. Rev. 39, 
551–560 (2013).

82.	 Nix, J. et al. Prospective randomized controlled 
trial of robotic versus open radical cystectomy 
for bladder cancer: perioperative and pathologic 
results. Eur. Urol. 57, 196–201 (2010).

83.	 Karliczek, A. et al. Drainage or nondrainage in 
elective colorectal anastomosis: a systematic 
review and meta-analysis. Colorectal Dis. 8,  
259–265 (2006).

84.	 Nelson, R., Edwards, S. & Tse, B. Prophylactic 
nasogastric decompression after abdominal 
surgery. Cochrane Database of Systematic 
Reviews, Issue 3. Art. No.: CD004929. http:// 
dx.doi.org/10.1002/14651858.CD004929.

85.	 Schroeder, D., Gillanders, L., Mahr, K. & Hill, G. L. 
Effects of immediate postoperative enteral 
nutrition on body composition, muscle function, 
and wound healing. J. Parenter. Enter. Nutr. 15, 
376–383 (1991).

86.	 Osland, E., Yunus, R. M., Khan, S. & 
Memon, M. A. Early versus traditional 
postoperative feeding in patients undergoing 
resectional gastrointestinal surgery: a meta-
analysis. J. Parenter. Enter. Nutr. 35, 473–487 
(2011).

87.	 Holte, K. et al. Epidural anesthesia, hypotension, 
and changes in intravascular volume. 
Anesthesiology 100, 281–286 (2004).

88.	 Soni, N. British consensus guidelines on 
intravenous fluid therapy for adult surgical 
patients (GIFTASUP): Cassandra’s view. 
Anaesthesia 64, 235–238 (2009).

89.	 Choi, H. et al. Chewing gum has a stimulatory 
effect on bowel motility in patients after open or 
robotic radical cystectomy for bladder cancer: 
a prospective randomized comparative study. 
Urology 77, 884–890 (2011).

90.	 Kouba, E. J., Wallen, E. M. & Pruthi, R. S. Gum 
chewing stimulates bowel motility in patients 
undergoing radical cystectomy with urinary 
diversion. Urology 70, 1053–1056 (2007).

91.	 Traut, U. et al. Systemic procinetic 
pharmacologic treatment for postoperative 
adynamic ileus following abdominal surgery in 
adults. Cochrane Database Systematic Reviews, 
Issue 1. Art. No.: CD004930. http:// 
dx.doi.org/10.1002/14651858.CD004930.

92.	 Lightfoot, A. J. et al. Treatment of postoperative 
ileus after bowel surgery with low-dose 
intravenous erythromycin. Urology 69, 611–615 
(2007).

93.	 Pruthi, R. S. et al. Fast track program in patients 
undergoing radical cystectomy: results in 362 
consecutive patients. J. Am. Coll. Surg. 210, 
93–99 (2010).

94.	 Vaughan-Shaw, P. G., Fecher, I. C., Harris, S. & 
Knight, J. S. A meta-analysis of the effectiveness 
of the opioid receptor antagonist alvimopan in 
reducing hospital length of stay and time to GI 
recovery in patients enrolled in a standardized 
accelerated recovery program after abdominal 
surgery. Dis. Colon Rectum 55, 611–620 (2012).

95.	 Kauf, T. L. et al. Alvimopan, a peripherally acting 
mu-opioid receptor antagonist, is associated 
with reduced costs after radical cystectomy-
economic analysis of a phase 4 randomized, 
controlled trial. J. Urol. 191, 1721–1727 (2014). 

96.	 Lee, C. et al. Alvimopan accelerates 
gastrointestinal recovery after radical 
cystectomy: a multicentre randomized placebo-
controlled trial. Eur. Urol. http://dx.doi.org/ 
10.1016/j.eururo.2014.02.036.

97.	 Coxib and tradiotional NSAID trialists’ (CNT) 
collaboration. Vascular and upper 
gastrointestinal effects of non-steroidal anti-
inflammatory drugs: meta-analyses of individual 
participant data from randomised trials. Lancet 
382, 769–779 (2013).

98.	 Klein, M., Gogenur, I. & Rosenberg, J. 
Postoperative use of non-steroidal anti-
inflammatory drugs in patients with anastomotic 
leakage requiring reoperation after colorectal 
resection: cohort study based on prospective 
data. BMJ 345, e6166 (2012).

99.	 Lassen, K. et al. Consensus review of optimal 
perioperative care in colorectal surgery: 
Enhanced Recovery After Surgery (ERAS) Group 
recommendations. Arch. Surg. 144, 961–969 
(2009).

100.	Henriksen, M. G., Jensen, M. B., Hansen, H. V., 
Jespersen, T. W. & Hesso, I. Enforced 
mobilization, early oral feeding, and balanced 
analgesia improve convalescence after 
colorectal surgery. Nutrition 18, 147–152 
(2002).

101.	Vlug, M. S. et al. Laparoscopy in combination 
with fast track multimodal management is 
the best perioperative strategy in patients 
undergoing colonic surgery: a randomized 
clinical trial (LAFA-study). Ann. Surg. 254,  
868–875 (2011).

102.	Arumainayagam, N., McGrath, J., Jefferson, K. P. 
& Gillatt, D. Introduction of an enhanced 
recovery protocol for radical cystectomy. BJU Int. 
101, 698–701 (2008).

103.	Karl, A. et al. A new concept for early recovery 
after surgery in patients undergoing radical 
cystectomy for bladder cancer: results of a 
prospective randomized study. J. Urol. 191,  
335–340 (2014).

104.	Ohno, T. Eliminate muda, mura, muri completely 
[online], http://www.toyota-global.com/
company/toyota_traditions/quality/ 
jul_aug_2004.html (2004).

105.	Pruthi, R. S. & Raynor, M. C. Enhanced recovery 
programmes: an important step towards going 
lean in healthcare. BJU Int. 113, 685–686 
(2014).

Author contributions
J.S. researched data for the article and wrote the 
article. All authors made a substantial contribution 
to discussion of its content and reviewed/edited 
the manuscript before submission.

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved


