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 Preface 

 Enhanced Recovery After Surgery (ERAS) has transformed perioperative care in 
modern surgical practice by emphasising the patients’ optimal return to normal 
function after major surgery. The term ERAS was coined in 2001 by a group of 
academic clinicians (the ERAS Group) to replace the expression of ‘Fast Track’ 
surgery, and to emphasise the quality of the patients’ recovery, rather than the speed 
of discharge. Subsequently, this group formed the ERAS Society for perioperative 
care (  www.erassociety.org    ), which is facilitating the creation of this ERAS series, 
together with the British section of the society (ERAS-UK,   www.enhancedrecov-
eryhub.org    ). 

 This book is long overdue. The most immediate didactic value resides in helping 
an entire multi-disciplinary ERAS team to understand the fundamental concepts 
and to deal with common problems in order to maintain success in ERAS. The 
manual hence focuses on practicalities, although it also contains chapters with more 
basic scientifi c content on the anaesthetic contribution, nutrition and metabolic 
response as well as audit and data collection for ERAS. The book thus fi lls an obvi-
ous need as a major bibliographical tool designed to facilitate the initial and ongo-
ing practice of ERAS. 

 As ERAS originated in colorectal surgery, it is natural that the fi rst manual in the 
series concerns this surgical discipline. However, much of the content will be equally 
applicable to other surgical specialties. As the ERAS methodology spreads, and 
more information and experience emerge, further manuals in the series will be 
published. 

http://www.erassociety.org
http://www.enhancedrecoveryhub.org
http://www.enhancedrecoveryhub.org


vi Preface 

 We are pleased to have several internationally renowned ERAS experts contrib-
uting to this book. The authors can be confi dent that there will be many grateful 
readers who will have gained a broader and scientifi c prospective on ERAS as a 
result of their efforts.  

     Olle Ljungqvist, Chairman   

   Ken Fearon, General Secretary       

 The Enhanced Recovery After Surgery (ERAS) Society for Perioperative Care. 
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      Foreword  

 Enhanced recovery programmes have the potential to transform the experience 
of care for large numbers of patients undergoing surgery. Pioneered in Denmark, 
enhanced recovery is now becoming fi rmly established across a range of disciplines 
within the UK, including colorectal, musculoskeletal, gynaecological and urologi-
cal surgery. The benefi ts both to patients in terms of quicker recovery and to the 
health service in terms of effi cient use of resources are clear cut. 

 Over the past 2 years I have had the pleasure and privilege of working with many 
champions and early adopters of enhanced recovery. I have been impressed by their 
commitment to spread the benefi ts of enhanced recovery as widely as possible and 
as quickly as possible. It is also clear that successful implementation requires close 
collaboration between surgeons, anaesthetists, nurses, dietitians and experts in 
rehabilitation. 

 Enhanced recovery involves multiple changes to practice both before, during and 
after surgery. I strongly commend this manual, which is authored by acknowledged 
experts in the fi eld. They have set out the evidence base underlying enhanced recov-
ery and combined this with practical advice on implementation. 

 Our challenge now is to ensure maximum benefi t for patients within as short a 
timescale as is reasonably possible. This manual will help us all to meet this 
challenge. 

 Professor Sir Mike Richards 
 National Cancer Director  



 



ix

 Contents

 1 Overview: Key Elements and the Impact 
of Enhanced Recovery Care  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1
Kenneth C.H. Fearon

 2 Preoperative Optimisation and Conditioning 
of Expectations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15
John T. Jenkins and Jennie L. Burch

 3 The Metabolic Stress Response and Enhanced Recovery  . . . . . . . .  37
Olle Ljungqvist

 4 Anaesthetic Contributions in Enhanced Recovery . . . . . . . . . . . . . .  49
Monty G. Mythen and Michael Scott

 5 Perioperative Fluid Management in Enhanced Recovery  . . . . . . . .  73
Krishna K. Varadhan and Dileep N. Lobo

 6 Pain Control After Surgery. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95
William J. Fawcett

 7 Colorectal Surgery and Enhanced Recovery. . . . . . . . . . . . . . . . . . .  111
Matthew G. Tutton, N. Julian H. Sturt, and Alan F. Horgan

 8 Setting Up an Enhanced Recovery Programme . . . . . . . . . . . . . . . .  131
Fiona Carter and Robin H. Kennedy

 9 The Role of the Enhanced Recovery Facilitator . . . . . . . . . . . . . . . .  143
Jane P. Bradley Hendricks and Fiona Carter

10 Success and Failure in Colorectal Enhanced Recovery  . . . . . . . . . .  159
Nader Francis, Andrew Allison, and Jonathan Ockrim

11 Data Collection and Audit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  171
Jonas O.M. Nygren and Olle Ljungqvist

Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 



 



xi

Contributors

       Andrew   Allison       Department of Surgery ,  Yeovil District Hospital , 
  Yeovil, Somerset ,  UK      

     Jennie   L.   Burch       Department of Surgery ,  St. Mark’s Hospital , 
  Harrow, Middlesex ,  UK      

     Fiona   Carter       Yeovil Academy ,  Yeovil District Hospital NHS Foundation Trust , 
  Yeovil, Somerset ,  UK      

     William   J.   Fawcett       Department of Anaesthesia ,  Royal Surrey County Hospital 
NHS Foundation Trust ,   Guildford, Surrey ,  UK      

     Kenneth   C.  H.   Fearon       Department of Surgical Oncology , 
 University of Edinburgh/Royal Infi rmary ,   Edinburgh ,  UK      

     Nader   Francis       Department of Surgery ,  Yeovil District Hospital , 
  Yeovil, Somerset ,  UK      

     Jane   P.   Bradley   Hendricks       Department of General Surgery , 
 Colchester General Hospital ,   Colchester, Essex ,  UK      

     Alan   F.   Horgan       Department of Surgery ,  Freeman Hospital ,   Newcastle ,  UK      

     John   T.   Jenkins       Department of Surgery ,  St. Mark’s Hospital , 
  London, Middlesex ,  UK      

     Robin   H.   Kennedy       St. Mark’s Hospital ,   Harrow ,  United Kingdom      

     Olle   Ljungqvist       Department of Surgery ,  Örebro University Hospital , 
  Örebro ,  Sweden      

     Dileep   N.   Lobo       Nottingham Digestive Diseases Centre NIHR Biomedical 
Research Unit ,  Nottingham University Hospitals, Queen’s Medical Centre , 
  Nottingham, Notts ,  UK      

     Monty   G.   Mythen       Centre for Anaesthesia ,  University College of London , 
  London ,  UK      



xii Contributors

     Jonas   O.  M.   Nygren       Department of Surgery ,  Ersta Hospital and Karolinska 
Institutet at Danderyds Hospital ,   Stockholm ,  Sweden      

     Jonathan   Ockrim       Department of Surgery ,  Yeovil District Hospital, 
NHS Foundation Trust ,   Yeovil, Somerset ,  UK      

     Michael   Scott       Department of Anaesthetics and Intensive Care Medicine , 
 Royal Surrey County NHS Foundation Trust, University of Surrey , 
  Guildford, Surrey ,  UK      

     N.   Julian   H.   Sturt       Department of Surgery ,  Southend University Hospital NHS 
Trust ,   Westcliff-on-Sea, Essex ,  UK      

     Matthew   G.   Tutton       ICENI unit, General Surgery ,  Colchester Hospital 
University NHS Foundation Trust ,   Colchester, Essex ,  UK      

     Krishna   K.   Varadhan       Division of Gastrointestinal Surgery, Nottingham 
Digestive Diseases Centre NIHR Biomedical Research Unit ,  Nottingham 
University Hospitals, Queen’s Medical Centre ,   Nottingham, Notts ,  UK      

  



1N. Francis et al. (eds.), Manual of Fast Track Recovery for Colorectal Surgery, 
Enhanced Recovery, DOI 10.1007/978-0-85729-953-6_1, 
© Springer-Verlag London Limited 2012

   Introduction 

 Surgeons have had a long-standing interest in the immune and metabolic response 
to injury. Such interest has been spurred on by the recognition that modulation of 
these pathways might provide a route to reduce postoperative morbidity and mortal-
ity. Claude Bernard (France) fi rst developed the concept of the milieu intérieur and 
Walter Cannon (USA) described the complex homeostatic responses involving the 
brain, nerves, heart, lungs, kidneys and spleen that work to maintain body con-
stancy. Subsequently, Sir David Cuthbertson (UK) divided the metabolic response 
to injury into ebb, fl ow and recovery phases and quantifi ed the amount and likely 
sources of protein breakdown following long bone fracture. Thereafter, individuals 
such as Francis Moore (USA) and Douglas Wilmore (USA) described in detail the 
response to injury in humans and methods of optimal nutritional and metabolic sup-
port. However, by the time of the second millennium the average length of hospital 
stay after colorectal abdominal surgery was still 10–15 days. 

 Against this background Henrik Kehlet (Denmark) started to question why 
patients undergoing elective abdominal surgery fail to go home sooner. He    concluded 
that the key factors that keep a patient in hospital after uncomplicated major abdomi-
nal surgery include the need for parenteral analgesia (persistent pain), intravenous 
fl uids (persistent gut dysfunction) and bed rest (persistent lack of mobility). These 
factors often overlap and interact to delay return of function. Obviously, postopera-
tive complications will also prolong the time until recovery and ultimately length of 
stay. Kehlet went on to describe a clinical pathway to accelerate recovery after 
colonic resection based on a multimodal programme with optimal pain relief, stress 
reduction with regional anaesthesia, early enteral nutrition and early mobilisation – 
he demonstrated improvements in physical performance, pulmonary function, body 
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composition and a marked reduction in length of stay  [  1–  3  ] . A subsequent ran-
domised trial using a similar protocol demonstrated a signifi cant reduction in median 
length of stay from 7 to 3 days  [  4  ] . 

 Since then many different groups have published variations on the nature of their 
optimal ‘fast-track’ or enhanced recovery programmes. For example, apparently 
similar outcomes can be achieved with  [  2–  4  ]  or without epidural anaesthesia/anal-
gesia  [  5  ] . This suggests that it is the combination of each of the different elements 
of an enhanced recovery programme that goes to make an effective regimen rather 
than any single element on its own. At present, the evidence on which to base a 
multimodal programme is taken in isolation from traditional care pathways and lit-
tle evidence is available concerning the importance of each element when consid-
ered within the context of an enhanced recovery pathway.  

   Principles of an ER Protocol 

 Conventional peri-operative metabolic care has accepted that a stress response to 
major surgery is inevitable. This concept has recently been challenged with the view 
that a substantial element of the stress response can be avoided with the appropriate 
application of modern anaesthetic, analgesic and metabolic support techniques. 
Conventional postoperative care has also emphasised prolonged rest for both the 
patient and their gastrointestinal tract. Similarly, this concept has recently been chal-
lenged. In the catabolic patient, medium-term functional decline will ensue if active 
steps are not taken to return the patient to full function as soon as possible. These two 
concepts have been combined to produce a new view of how surgical patients should 
be cared for (the ER protocol). Using a multidisciplinary team approach with a focus 
on stress reduction and promotion of return to function, an ER protocol aims to allow 
patients to recover more quickly from major surgery (Fig.  1.1 ), avoid medium-term 
sequelae of conventional postoperative care (e.g. decline in nutritional status and 
fatigue) and reduce healthcare costs by reducing hospital stay.  

 The move from traditional peri-operative care to an ER protocol is not straightfor-
ward. None of the elements within the ER protocol have been proven to be pivotal in 

Enhanced recovery after surgery
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  Fig. 1.1    Traditional 
peri-operative care often 
results in the patient being 
exposed to unnecessary 
metabolic/nutritional 
debilitation resulting in a 
prolonged recovery interval. 
A multimodal ER programme 
seeks to prevent such decline 
thereby allowing the patient to 
recover more quickly       
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randomised trials. However, the ERAS group produced a comprehensive consensus of 
approximately 20 elements for patients undergoing colorectal resection in 2005  [  6  ] . This 
protocol has been tested extensively, and a prospectively audited case-series including 
>1,000 patients was published in 2009  [  7  ] . The protocol was recently updated  [  8  ]  and 
the latter forms the basis for most of the recommendations in the present chapter. 

 To date, the most frequently used model for ER has been open colorectal resec-
tion. However, there is no doubt that the same principles can be applied successfully 
to other forms of major surgery (e.g. hepatic resection)  [  9  ] . Equally, the last 20 years 
has seen the revolution in laparoscopic surgery making a real impact on the rate at 
which patients recover from procedures such as cholecystectomy. At present the 
boundaries of laparoscopic surgery are being advanced into other domains such as 
colorectal resection. What is likely is that whether surgery is preformed by ‘open’ 
or laparoscopic means, if an ER protocol is not followed then the potential for the 
optimal recovery rate will not be achieved.  

   Key Elements of an ER Protocol 

 The elements of an ER protocol are diverse and varied (Fig.  1.2 ). The present chap-
ter aims to cover a proportion of the key elements. Elements that are discussed in 
detail in subsequent chapters are not dealt with here.  

 In order to implement an ER protocol there must be an enthusiastic multidisci-
plinary team that works in a coordinated way (Table  1.1 ). Implementation is a radi-
cal and sometimes painful process and no member of the team should be focussed 

Audit of compliance
/outcomes

Preadmission
counselling

Selective bowel-prep

CHO- loading/no fasting

No - premed

No NG tubes

Thoracic epidural
Anaesthesia

Short-acting
Anaesthetic agent

Avoidance of 
Sodium/fluid overload

Short incisions
Warm air body

heating in theatre

Standard
mobilisation

Non-opiate oral
Analgesies/NSA ID’s

Prevention of
nausea and vomiting

Stimulation of
gut mobility

Early removal of
catheters/drains

Perioperative
oral nutrition

ER

  Fig. 1.2    Elements of an enhanced recovery ( ER ) protocol       
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on one single area of the patient’s journey. Every member of the team should be 
trying to optimise outcome right from the fi rst attendance at the outpatient clinic to 
the time of discharge home.  

   Preadmission Information and Counselling 

 Explicit preoperative patient information can facilitate postoperative recovery and 
pain control, particularly in patients who exhibit the most denial and highest levels 
of anxiety  [  10,   11  ] . A clear explanation of what is to happen during hospitalisation 
facilitates adherence to the care pathway and allows timely recovery and early dis-
charge  [  12,   13  ] . Importantly, at this fi rst encounter the patient should also be given 
a clear role with specifi c tasks to perform, including targets for food intake and oral 
nutritional supplements and targets for mobilisation, during the postoperative period 
 [  14,   15  ] .  

   Preoperative Fasting and Metabolic Conditioning 

 Although fasting after midnight has been standard practice to avoid pulmonary aspi-
ration in elective surgery, a review of recent studies has found no scientifi c support 
for this  [  16  ] . Equally, a recent Cochrane systematic review of 22 RCTs in adult 
patients provides robust evidence that reducing the preoperative fasting period for 
clear fl uids to 2 h does not lead to an increase in complication rates  [  17  ] . Similar 
evidence is available for children undergoing surgery  [  18  ] . Several National 
Anaesthesia Societies now recommend intake of clear fl uids up until 2 h before 
induction of anaesthesia and a 6 h fast for solid food and liquids containing fat or 
particulate material  [  19–  21  ] . 

 Patients should be in a metabolically fed state rather than fasted when they go to 
theatre. This can be achieved by provision of a clear carbohydrate-rich beverage 

   Table 1.1    The members of 
the multidisciplinary team 
required to run a successful 
ER programme   

 Nurses 
 Dietitians 
 Physiotherapists 
 Occupational therapists 
 Pain team 
 Theatre staff 
 Anaesthetists 
 Surgeons 
 Hospital management 
 Audit team 
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before midnight and 2–3 h before surgery. This reduces preoperative thirst, hunger 
and anxiety  [  17,   22  ] , and signifi cantly reduces postoperative insulin resistance  [  23  ] . 
This also results in patients being in a more anabolic state with less postoperative 
nitrogen and protein losses  [  24,   25  ] , better maintained lean body mass  [  26  ]  and 
muscle strength  [  27  ] . Data from RCTs indicate enhanced recovery and shorter hos-
pital stay from preoperative carbohydrate loading in colorectal surgery  [  28,   29  ] .  

   Anaesthetic Protocols 

 The evidence to direct the choice of the optimal anaesthetic method for ER proce-
dures is complex and controversial. However, it is rational to use short-acting agents 
(propofol, remifentanil)  [  30  ] , thereby allowing proactive recovery to start on the day 
of surgery. Long-acting i.v. opioids (morphine, fentanyl) should be avoided. Short-
acting inhalational anaesthesia is a reasonable alternative to total intravenous anaes-
thesia. There is no evidence that intraoperative epidural analgesia improves 
postoperative outcome in colorectal procedures, but its use reduces the dosage of 
general anaesthetic agents. Also, a mid-thoracic epidural activated before com-
mencement of surgery blocks stress hormone release and attenuates postoperative 
insulin resistance  [  31  ] . For colonic surgery the epidural catheter is best placed at the 
mid-thoracic level (T7/8) to achieve both analgesia and sympathetic blockade pre-
venting gut paralysis  [  32  ] . The catheter is sited in the awake patient to establish the 
effectiveness of the block. During surgery the block can be maintained by continu-
ous infusion of local anaesthetic (e.g. bupivacaine 0.1–0.25% or ropivacaine 0.2%) 
plus a low-dose opiate (e.g. 2  m g/mL fentanyl or 0.5–1  m g/mL sufentanil) at 4–10 
mL/h. Epidural opioids in small doses act in synergy with epidural local anaesthet-
ics in providing analgesia  [  33  ] , and without major systemic effects  [  34,   35  ] . Addition 
of adrenaline (1.5–2.0  m g/mL) to the thoracic epidural infusion can improve analge-
sia and decrease systemic opioid-related side effects  [  36  ] .  

   Surgical Technique 

 A recent and comprehensive meta-analysis confi rms that signifi cant improvements 
in short-term outcomes are achievable by laparoscopy-assisted colonic resection as 
a single intervention  [  37  ] . Laparoscopic resection was associated with signifi cant 
reductions in short-term wound morbidity as well as a signifi cantly shorter time to 
fi rst bowel movement and discharge from hospital. 

 The potential from combining laparoscopy with enhanced recovery care has only 
been evaluated in two small trials randomising patients to either laparoscopy-
assisted or open surgery within an established, comprehensive enhanced recovery 
protocol  [  38,   39  ] . In the setting of a long-established and highly effi cient enhanced 
recovery protocol, no further improvement in short-term outcome was seen by add-
ing laparoscopy (median postoperative LOS of 2 days in both groups)  [  38  ] . The 
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second study had longer hospitalisations, and here a reduction in postoperative LOS 
was seen in the laparoscopy-assisted group (3.5 vs. 6 days)  [  39  ] . Further investiga-
tion will hopefully more clearly evaluate the full potential of combining laparos-
copy and enhanced recovery principles  [  40  ] .  

   Surgical Incisions 

 There is evidence from some RCTs that transverse or curved incisions cause less 
pain and pulmonary dysfunction than vertical incisions following abdominal proce-
dures  [  41,   42  ] , while other trials have found no advantage of transverse incisions 
 [  43,   44  ] . It has also been shown that both right and left colonic resections can be 
performed through either type of incision  [  43,   45  ] , and that there is no difference in 
outcome for left-sided colorectal procedures  [  45  ] . A recent Cochrane systematic 
review of RCTs comparing midline with transverse incisions for abdominal surgery 
confi rms that although analgesic use and pulmonary compromise may be reduced 
with transverse or oblique incisions, this does not seem to be signifi cant clinically 
as complication rates and recovery times are the same as with midline incisions 
 [  46  ] . The fact that some departments always use transverse or curved incision while 
other always use midline incisions provides circumstantial evidence that suffi cient 
access to the surgical site can be obtained by either type of incision. However, it is 
clear that incision length affects patient recovery  [  47  ] , and the choice of incision for 
abdominal surgery still remains the preference of the surgeon.  

   Multimodal Pain Relief 

 Several meta-analyses have shown that optimal analgesia is best achieved by con-
tinuous epidural local anaesthetic or local anaesthetic-opioid techniques for 2–3 
days postoperatively  [  34,   48  ] . The advantage of epidural analgesia has also been 
demonstrated in laparoscopic surgery  [  49  ] . Analgesia based on intravenous opioids 
does not provide the same effi cient analgesia  [  48  ]  and has less benefi cial physiolog-
ical effects on surgical stress responses compared with epidural local anaesthetic 
techniques. Whilst it is possible to achieve almost the same pain scores with patient-
controlled analgesia (PCA) at rest compared with epidural analgesia, this is done at 
the expense of the patient remaining sedated and in bed. RCTs have demonstrated 
that continuous epidural local anaesthetic techniques reduce pulmonary morbidity, 
but not other types of morbidity, hospital stay or convalescence  [  48,   50  ] . 

 There are some concerns about the safety of epidural analgesia for colonic resec-
tion and anastomotic complications  [  48,   51,   52  ] . Perfusion of the splanchnic area, 
once epidural block has been established, is probably more closely associated with 
changes in mean arterial pressure than with changes in cardiac output  [  53  ] . Vasopressors 
should, therefore, be considered to improve colonic blood fl ow. Low-dose noradrena-
line and dobutamine are probably not harmful for splanchnic perfusion  [  54–  58  ] . The 
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unanswered questions are the acceptable range of blood pressure in individual patients 
and the duration for which vasopressors should be used  [  51  ] . 

 Once the epidural catheter is removed, the goal remains avoidance of opioids, 
thereby avoiding opioid-related side effects. NSAIDs have been shown to be opioid-
sparing  [  59  ]  and to provide effi cient analgesia during this period after colon resec-
tion in large case series  [  2,   60  ] .  

   Promoting Early Oral Intake 

 Postoperative ileus is a major cause of delayed discharge from hospital after abdom-
inal surgery and its prevention is a key objective in enhanced recovery protocols. 
While no prokinetic agent currently available has been shown to be effective in 
attenuating or treating postoperative ileus, several other peri-operative interventions 
have been successful. Epidural analgesia, as compared with intravenous opioid 
analgesia, is highly effi cient at preventing postoperative ileus  [  35,   48  ] , provided it is 
mid-thoracic rather than low-thoracic or lumbar  [  32  ] . Fluid overloading during  [  61  ] , 
and following  [  62  ] , surgery has been demonstrated to signifi cantly impair postop-
erative gastrointestinal function, and should be avoided. Oral magnesium oxide has 
been demonstrated to be effective in promoting postoperative bowel function in 
RCTs after abdominal hysterectomy  [  63  ]  and hepatic resection  [  64  ] , and in case 
series following colonic resection. Laparoscopy-assisted colonic resection also 
leads to faster return of bowel function as well as resumption of oral diet, as com-
pared with open surgery  [  37  ] . In the USA, alvimopan was recently the fi rst mu-
opioid receptor antagonist to be approved for clinical use in postoperative ileus. 
This oral medication accelerates gastrointestinal recovery and reduces time to dis-
charge in patients undergoing colon resection with postoperative intravenous opioid 
analgesia  [  65  ] . 

 Other factors that impact on restoration of normal food intake include avoidance 
of routine nasogastric intubation  [  66  ] , control of post-op nausea and vomiting, 
access to adequate normal food, access to oral nutritional supplements and integra-
tion of all of the above within the context of an enhanced recovery programme. 
When used in combination, early enteral feeding and epidural analgesia have been 
shown to result in almost complete abrogation of the metabolic response to injury 
with maintenance of energy and protein homeostasis  [  67  ] . This emphasises the 
importance of multimodal therapy in the maintenance of nutritional status following 
surgery.  

   Early Mobilisation 

 Bed rest not only increases insulin resistance and muscle loss but also decreases 
muscle strength, pulmonary function and tissue oxygenation  [  68  ] . There is also an 
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increased risk of thromboembolism. In a randomised study, 3 months of a combina-
tion of aerobic and resistance training 5 times weekly, starting immediately after 
colorectal surgery, attenuated signifi cantly the reduction in fatigue and lean body 
mass 7 days postoperatively  [  69,   70  ] . However, no improvement was found in body 
composition, nutritional intake or physiological function compared to the control 
group (relaxation training only) at day 30 or 90 after surgery. Effective pain relief 
using ambulatory thoracic epidural analgesia is a key adjuvant measure to encour-
age postoperative mobilisation. A prescheduled care plan should list daily goals for 
mobilisation, and a patient diary for out-of-bed activities is helpful. It is essential 
that the patient is nursed in an environment which encourages early mobilisation 
(food and television removed from bedroom) and one that maintains the patient’s 
independence (ordinary ward/level 1 facility). The aim is for patients to be out of 
bed for 2 h on the day of surgery, and for 6 h a day until discharge.  

   Discharge Criteria 

 Patients can be discharged when they meet the following criteria:

   Good pain control with oral analgesia  
  Taking solid food, no intravenous fl uids  
  Independently mobile or same level as prior to admission  
  All of the above and willing to go home.    

 The discharge process starts at the preadmission counselling session when it is 
determined if the patient lives alone and has any special needs (e.g. transport, social 
support, etc). Problems that will delay discharge must be addressed at this time 
rather than once the patient has been admitted. It is clear that in most centres there 
is a delay between the time when the patient is recovered functionally and when 
they are actually discharged home  [  71  ]  (Fig.  1.3 ). Minimising this delay requires 
optimal discharge planning.    

Days lost in the Discharge Process

1 – 2 d

1 – 2 d

Patient
willing to go

home
Discharge

criteria fulfilled

Patient goes
home

  Fig. 1.3    Minimising the 
delay between functional 
recovery and actual 
discharge. Will maximise the 
benefi t of an ER programme 
in terms of length of stay       
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   Outcomes 

 Enhanced recovery protocols have been developed to address the sequelae of the met-
abolic response to elective surgery and to accelerate recovery by attenuating the stress 
response so that the length of hospital stay and possibly the incidence of postoperative 
complications and mortality can be reduced, with the added benefi ts of reducing 
healthcare costs. These outcomes are diffi cult to address in small individual trials 
from single centres. A recent meta-analysis has, however, reported on six randomised 
trials of patients ( n  = 452) undergoing major elective open colorectal surgery  [  72  ] . The 
number of individual ER elements used ranged from 4 to 12 with a mean of 9. The 
length of hospital stay was reduced by 2.5 days and complication rates were signifi -
cantly reduced (relative risk [95% CI]: 0.53 [0.44, 0.64]). There were no statistically 
signifi cant differences in readmission and mortality rates. Such evidence suggests that 
ER pathways do indeed reduce the length of stay and complication rates after major 
open colorectal surgery  without  compromising patient safety. 

 Evidence from the literature supports the view that an ER pathway seems to 
reduce the overall healthcare cost  [  73,   74  ] . From a health economics point of view, 
the data suggest that, with the decrease in complications and hospital stay and simi-
lar readmission rates, the cost of treatment per patient would be signifi cantly lower 
for those treated within an ERAS pathway than those receiving traditional care, 
despite the need for dedicated staff to implement the pathway. 

 The determinants of outcome within an ER programme are important to know so 
that protocols can be used to maximum effi ciency on the correct groups of patients. 
It is evident that a protocol is not enough to implement an ER programme and that 
compliance with the protocol both pre-op and post-op is vital if good results are to 
be obtained  [  71  ] . Compliance is a complex issue that requires audit of the process 
throughout the patient’s journey, ongoing motivation from the team leaders, support 
from the hospital managers and regular/ongoing (re-) education of staff. Equally, it 
is evident that although good functional recovery may be obtained with experience 
and protocol compliance, the organisation of healthcare services to facilitate dis-
charge into the community needs to be optimal if the delay between a patient’s 
functional recovery and their actual discharge date is to be kept to a minimum. 

 Ultimately, outcomes are determined by the nature of the intervention and the pre-
existing condition of the patient. In a large case-series of patients undergoing open 
colorectal resection ( n  = 1,035) and managed within an ER programme  [  7  ]  it was 
reported that independent predictors of delayed mobilisation were comorbidity (ASA 
grade III and IV) and age >80 years. Prolonged hospital stay was also related to 
comorbidity and advanced age but, in addition, the magnitude and technical diffi culty 
of the surgery. ER programmes have developed considerably since fi rst initiated by 
Kehlet in the 1980s. The individual elements that make up such programmes will 
continue to evolve. However, it would now appear that current programmes can indeed 
minimise the impact of surgery and its sequelae and that limiting factors which may 
dominate in the future will be related to pre-existing comorbidity and old age. Such 
issues constitute some of the real challenges for ER protocols in the future    (Fig.  1.4 ).       
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Introduction

Enhanced recovery aims to reduce the systemic response to surgical stress and in 
doing so improve the quality and rapidity of a patient’s recovery. It is a structured 
evidence-based process that encompasses the perioperative period of care and pro-
duces considerable reduction in postoperative complication rates and length of hos-
pital stay [1–4]. The majority of patients undergoing elective colon and rectal 
surgery are suitable for this process. This chapter focuses on colorectal surgery but 
the principles are transferrable to many other surgical specialities. The chapter aims 
to cater to the needs of the multidisciplinary team, and a more detailed scientific 
explanation of some of the aspects covered in this chapter will be available from 
other sources. We explore the rationale for the preoperative optimisation and condi-
tioning of expectations and describe how the multidisciplinary team can achieve 
this and how general practitioners can participate in the process.

The Rationale for Preoperative Optimisation  
and Conditioning of Expectations

For enhanced recovery to be successful it is essential that patients be adequately 
prepared for surgery and preoperative preparation is the first stage in this process. 
It sets the expectations of the patient and their family for planned surgery and 
emphasises how this can affect the patient. Pre-assessment requires liaison 
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between primary and secondary care such that patient evaluation can identify 
medical and social factors that can be modified preoperatively, not only to reduce 
the effects of surgery upon the patient, but also ensure an efficient enhanced 
recovery process.

Pre-assessment Clinics

The pre-assessment, pre-admission or preoperative assessment clinic is the vehicle 
by which the early components of the enhanced recovery process are delivered and 
it allows for risk assessment and adjustment.

The key elements of the pre-assessment clinic are:

•	 Full assessment and clinical examination with anaesthetic consultation shortly 
after a decision to operate has been made.
The patient has the maximum opportunity to optimise fitness for surgery and •	
anaesthesia.
Expectations are conditioned; the patient fully understands the proposed opera-•	
tion and is made ready to proceed.
Staff identify and co-ordinate all essential resources and discharge •	
requirements.
Suitable admission •	 and discharge dates are agreed.

This process is delivered by a specifically trained nursing team in close liaison 
with junior and senior surgical and anaesthesia staff and, where necessary, 
enterostomal therapists, occupational therapist, dietician and physiotherapist 
along with the patient’s general practitioner. The aim is to assess the patient’s 
fitness for anaesthesia and surgery and ideally, this interaction should be approx-
imately 4 weeks before elective surgery, however, the nature of many colorectal 
cancer cases is such that this time frame is often a luxury owing to specified 
treatment time targets [5]. Employing the pre-assessment process means that 
cancellation owing to ill health or failure to attend can be avoided and same day 
admission and early discharge are more likely, producing improvements in the 
efficiency of a patient’s care [6].

Treating Co-morbidity Before Surgery

A large population of high-risk general surgical patients exists, accounting for 
approximately 13% of all surgical admissions but more than 80% of postoperative 
deaths [7]. Successive NCEPOD reports indicate that most deaths occur in older 
patients who undergo major surgery and have severe co-existing disease with mor-
tality rates between 5% and 25% [8].
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Complications within 30 days in postoperative surgical patients have been found 
to be an important determinant of long-term survival and to be of a greater influence 
in some reports than preoperative co-morbidity and intraoperative adverse events. 
Avoiding or reducing complications is therefore of paramount importance. Detecting 
and modifying co-morbidities before an operation is central to the early stage of 
enhanced recovery and allows for a reduction in morbidity and in the need for more 
complex supportive care, such as intensive care [6]. Preoperative assessment allows 
realistic evaluation of the risk of surgical intervention and gives an opportunity to 
manage the risk to an individual patient by making modifications to improve the 
patient’s general condition and organ function [9]. Understanding and quantifying 
the risk of perioperative complications and determining the likely type of complica-
tions are therefore required. These include cardiopulmonary morbidity and cardiac 
adverse events, postoperative gut dysfunction, surgical site infection, blood transfu-
sion and the requirement for intensive care or high dependency care and readmis-
sion. Central to pre-assessment is optimisation through the determination of 
cardiovascular risk, nutrition, correction of anaemia and multiple other medical 
conditions.

Specific Examples

Cardiovascular Risk

The cardiovascular management of high-risk surgical patients is of particular impor-
tance and a large body of evidence now exists that can guide the clinician in deliver-
ing optimal care. The ACC/AHA Task Force Guidelines provide appropriate 
evidence-based guidance and are quoted throughout this chapter [10].

Major abdominal surgery is associated with a marked inflammatory response with 
an associated rise in tissue oxygen requirements that enforces a rise in the cardiac 
output. This response is related to the magnitude of tissue injury and surgical inva-
sion and is associated with an elevation in heart rate and blood pressure with a neu-
roendocrine and thrombosis/fibrinolysis system response that predisposes high-risk 
patients to acute coronary events/syndrome, ischaemia and heart failure. The inci-
dence of significant cardiovascular adverse events in a population undergoing non-
cardiac surgery such as the colorectal surgery population is approximately 1–2% and 
multiple risk factors have been associated. [7] These adverse events include cardiac 
arrest, non-ST elevation myocardial infarction (MI), Q-wave MI and new cardiac 
arrythmias. A patient’s condition preoperatively, presence of co-morbidities [e.g., 
ischaemic heart disease (IHD), left ventricular failure (LVF)], pulmonary, renal dis-
ease and diabetes and the magnitude, duration and type of surgery will impact upon 
the likelihood of cardiovascular morbidity [7, 10, 11]. High-risk patients are those 
who are unable to spontaneously elevate their cardiac output to the required level. 
This at-risk group can be identified based upon clinical assessment and are likely to 
benefit from optimisation both preoperatively and intraoperatively.
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The literature on cardiac adverse events has evolved from prediction to optimisa-
tion through intervention. The risk factors found to be independent predictors of 
outcome differ between analyses, and some traditional medical risk factors are 
believed to be less relevant today as the medical management of these conditions 
has improved, for example some of the risk factors identified in the Goldman crite-
ria are no longer independent predictors on some more recent analyses, e.g., diabe-
tes and chronic renal failure. Recent risk factors include age; congestive cardiac 
failure (CCF); body mass index (BMI) > 30; emergency surgery; previous cardiac 
intervention; cardiovascular disease (CVD); hypertension; duration of surgery; 
blood transfusion units; obesity has been previously found to be a predictor of coro-
nary artery disease but more recent analyses find that an elevated BMI is an inde-
pendent predictor of perioperative adverse cardiac events [7].

Though laparoscopy yields multiple short-term benefits for recovery, the advan-
tages in patients with significant cardiac dysfunction have not been established. 
Therefore, cardiac risk in patients with heart failure is not diminished in patients 
undergoing laparoscopy compared with open surgery, and both should be evaluated 
in the same way [11].

Assessing Cardiac Risk and Need for Cardiology Assessment

Advances in preoperative risk assessment have reduced perioperative cardiovascu-
lar morbidity and rely on a complete history and physical examination to identify 
patients who have cardiovascular risks that may have previously been undocu-
mented. Where a patient’s history yields active cardiac conditions such as acute 
coronary syndrome, unstable angina, recent MI, decompensated heart failure, sig-
nificant arrythmias or severe valvular disease, then elective colorectal surgery 
should be postponed until modifications are made in liaison with a cardiologist and 
the patient’s general practitioner.

It is recommended that clinical risk indices be used for postoperative risk strati-
fication [11]. During the last 30 years, several risk indices have been developed, 
based on multivariate analyses of observational data, which examine the association 
between clinical characteristics and perioperative cardiac mortality and morbidity 
[11–13]. These indices assist in the assessment of preoperative cardiac risk based 
upon the presence of defined clinical risk factors and the number of these risk fac-
tors allows triage to further assessment. The Lee index is a modification of the origi-
nal Goldman index and currently regarded as the most informative cardiac risk 
prediction index for non-cardiac surgery, though it has some shortcomings [12]. The 
risk factors identified include ‘high-risk surgery’; prior MI (according to the univer-
sal definition of MI); heart failure; stroke/transient ischaemic attack (TIA); renal 
dysfunction (serum creatinine >170 mmol/L or 2 mg/dL or a creatinine clearance of 
<60 mL/min); diabetes mellitus (DM) requiring insulin therapy. All factors contrib-
ute equally to the index (with 1 point each), with major cardiac complications esti-
mated to be 0.4%, 0.9%, 7% and 11% in patients with an index score of 0, 1, 2 and 
3 points, respectively. The index has a high capability for discriminating between 
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patients who do and do not sustain a major cardiac event [11]. Modification with the 
refinement of the addition of a more detailed description of the type of surgery and 
age increases the prognostic value of the subsequent ‘Erasmus’ model for periop-
erative cardiac events (Table 2.1) [13].

‘Functional capacity’ is a measure of how well a patient is able to perform a 
spectrum of activities, an integral component of the preoperative evaluation of the 
cardiac risk patient for non-cardiac surgery and can be ascertained based upon a 
structured history [14]. For example, a patient’s capacity to climb stairs has been 
found to have perioperative prognostic importance and can predict survival after 
lung resection and is associated with complications after major non-cardiac surgery 
[15–17]. After thoracic surgery, a poor functional capacity has been associated with 
an increased mortality. By making this assessment we can decide on the need for 
further investigation. There will be patients who are classified as high risk owing to 
age or coronary artery disease yet are asymptomatic and run for 30 min a day. Such 
a patient is unlikely to require further cardiac investigation and management will 
rarely be changed based on the results of any cardiovascular testing. In contrast, 
there will be patients who are sedentary with no recorded history of cardiovascular 
disease but are only able to manage to climb only a flight of stairs before the onset 
of symptoms. This group will require further cardiac evaluation.

Examples of activities are presented in Table 2.2 and determining functional capac-
ity may prevent unnecessary cardiac evaluation and inefficient resource usage. One 
metabolic equivalent of task (MET) is the effort required whilst reading this chapter 
sitting. One MET represents the resting oxygen consumption of an adult (approxi-
mately 3.5 mL/kg/min) [18]. To some purist physiologists, the definition of MET is 
misinterpreted, however, a discussion on this aspect is beyond the scope of this chapter 
[19]. Nevertheless, the concept is helpful in assessing a patient’s fitness for surgery.

Although assessment of functional capacity is useful in identifying patients with 
good or excellent capacity, where prognosis will be excellent even in the presence 

Table 2.1 Cardiac risk 
factors

Clinical factors ‘Erasmus’ index

Definitions in text

Age Y
IHD [Angina/IHD] Y
Heart failure Y
Stroke/TIA Y
DM (on insulin) Y
Renal dysfunction/Haemodialysis Y
Surgical risk group High, intermediate, low group

Note: Derived from a retrospective analysis of the Lee index from 
the administrative database of the Erasmus Medical Centre in 
Rotterdam, Netherlands, stratified by non-cardiac surgical proce-
dure type. High-risk: [>5%, 30-day risk of cardiac death or MI] – 
e.g., aortic or vascular surgery; Intermediate [1–5% risk] – e.g., 
abdominal, head and neck, neurological, orthopaedic, transplant, 
urology, major; Low-risk [<1% risk] – e.g., breast, endocrine, 
gynaecological, urology, minor
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of stable IHD or other risk factors, its use in predicting survival after major non-
cardiac surgery in those with a reduced functional capacity is less effective [11]. For 
example, as mentioned above, thoracic surgery outcome is strongly related to func-
tional capacity, potentially reflecting the importance of lung function to functional 
capacity, however, this association has not been convincingly replicated with other 
non-cardiac surgeries and age has been found to be more predictive of a poorer 
outcome [17]. Therefore using functional capacity evaluation prior to surgery, mea-
sured by the ability to climb two flights of stairs or run for a short distance indicates 
a good functional capacity. On the other hand, when functional capacity is poor or 
unknown, it will be the presence and number of clinical risk factors suggested above 
in relation to the risk of surgery that will determine the preoperative risk stratifica-
tion, assessment and perioperative management.

Other measures of risk have been assessed. For instance, how a patient performs 
under actual physical exertion has been tested [20, 21]. This has been termed car-
diopulmonary exercise testing (CPEX or CPET) and to date is only available in a 
few centres in the UK. It has been employed to determine perioperative aerobic 
capacity and is reported in terms of the anaerobic threshold (AT). AT is the oxygen 
uptake at which anaerobic adenosine triphosphate (ATP) synthesis starts to supple-
ment aerobic ATP synthesis. During gas exchange, it is the point at which the slope 
of CO

2
 production increases more than the oxygen uptake. It is assumed that myo-

cardial ischaemia develops at or above the AT, meaning that early ischaemia is 
associated with a lower AT and hence mortality, although non-cardiac and non-
respiratory factors such as skeletal muscle function and physical training can under-
estimate aerobic metabolic activity. In simple terms, where an earlier switch from 
aerobic to anaerobic metabolism is required, poorer fitness is identified and a poorer 
outcome more likely.

A patient with a low AT is likely to benefit from more intensive perioperative care 
and risk modification [21]. For example, AT values of >11 mL/min/kg have a periop-
erative mortality of <1% and are unlikely to need higher level care; AT values 
£11 mL/min/kg have a perioperative mortality of 18% and should be considered for 
either intensive recovery, post-anaesthesia care unit (PACU), high-dependency unit 

Table 2.2 Functional capacity

MET Activity Capacity

<4 METS –  Unable to walk ³ 2 blocks on level ground 
without stopping due to symptoms

Poor

–  Eating, dressing, toileting, walking indoors, 
light housework

>4 METS – Climbing ³ 1 flight of stairs without stopping Moderate/excellent 
[Excellent: >10 METS, 
Good: 7–10 METS, 
Moderate: 4–6 METS]

– Walking up hill ³ 1–2 blocks
– Scrubbing floors
– Moving furniture
– Golf, bowling, dancing or tennis
– Running short distance
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(HDU) or intensive care unit (ICU); AT <8 mL/min/kg have a perioperative mortality 
of 50% and should be considered and prepared for an extended stay in the ICU.

The real benefits of CPET in colorectal surgery are still unclear at the time of 
writing and whilst there may be a role in stratifying risk for the level of periopera-
tive care, whether it changes clinical decision-making more than existing parame-
ters is unclear. Therefore the role of CPET in preoperative risk assessment is yet to 
be established and CPET should not be considered to be a substitute for other forms 
of testing in routine practice.

What Investigations Should Be Considered?

The most suitable investigations in at-risk individuals are based upon clinical risk 
stratification assessed upon history, examination and determination of functional 
capacity as emphasised above (Table 2.3). Directed non-invasive investigation of 
patients with coronary artery disease and heart failure should only be considered 
where the results may effect a change in a patient’s management, and therapy should 
only be changed where it will improve a patient outcome [10, 11]. These decisions 
are likely to be at the discretion of both anaesthetist and cardiologist and local pref-
erences may vary.

12 Lead Resting ECG

Though the ideal time preoperatively to perform an electrocardiogram (ECG) is 
unclear, ideally it should be performed within 30 days of planned colorectal surgery 
and is indicated when patients are to undergo intermediate or major colorectal sur-
gery and have at least one clinical risk factor such as ischaemic heart disease or an 
established history of coronary heart disease (CHD), peripheral arterial disease or 
cerebrovascular disease [10, 11].

Non-invasive Stress Testing

Echocardiography can be used to provide information on left ventricular (LV) func-
tion. Where a patient has breathlessness of unknown origin or has a history of cur-
rent or prior heart failure with worsening breathlessness or any other change 
clinically, then echocardiography should be considered, particularly if an assess-
ment has not been made within the preceding 12 months. In the setting of a known 
cardiomyopathy, if a patient has remained clinically stable then reassessing LV 
function would not be regarded as necessary [10, 11].

Echocardiography may be supplemented by pharmacological cardiac manipula-
tion as in a dobutamine stress echocardiograpy (DSE). Non-invasive stress testing 
using techniques such as DSE are employed in patients with at least one to two 
clinical risk factors associated with a poor functional capacity (i.e. <4 METS) who 
are to undergo major colorectal surgery. DSE uses pharmacological manipulation 
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with increasing doses of supratherapeutic dobutamine that increases cardiac muscle 
contractility and the heart rate, which can be assessed by cardiac ultrasonography. It 
aims to identify significant coronary artery disease by identifying regional wall 
motion abnormalities within the distribution of the affected vessels [10, 11].

Cardiovascular risk in high-risk individuals may be minimised by coronary 
revascularisation where a large ischaemic burden is identified preoperatively, and/ 
or by pharmacological intervention (e.g., beta blockers can reduce cardiac events/
non-fatal MI and all-cause mortality), modifications to anaesthesia (e.g., neuraxial 
blockade, postoperative analgesia) and perioperative monitoring techniques.

Pulmonary Risk

Patients with co-existing pulmonary disease represent a group at higher risk of peri-
operative morbidity, particularly pulmonary complications and mortality. Any con-
dition causing impairment of lung function is culpable and includes chronic 
obstructive pulmonary disease (COPD), asthma, acute respiratory tract infections, 
interstitial lung disease and cystic fibrosis. One in ten patients is likely to have 
COPD and this is a major cause of morbidity and mortality [22]. Smokers are also 
at increased risk of pulmonary morbidity and the merits of even short-term smoking 
cessation a few weeks prior to surgery can be emphasised at the pre-assessment 
clinic. Emphasising the importance of postoperative mobilisation in the pre-assess-
ment clinic encourages measures to prevent atelectasis. Other actions that a patient 
may participate in include deep breathing and incentive spirometry exercises. There 
is good evidence that these lung expansion interventions can reduce pulmonary 
risks in the perioperative period.

In general, if significant pulmonary disease is suspected based upon history or 
physical examination and determination of functional capacity then response to 
bronchodilators and the evaluation for the presence of carbon dioxide retention 
through arterial blood gas analysis may be justified. If there is evidence of infection, 
appropriate antibiotics are critical, and steroids and bronchodilators may need to be 
considered. Close liaison with a patient’s general practitioner may facilitate this 
process.

Rarely, cardiac assessment may be required with pulmonary conditions for 
instance COPD and pulmonary arterial hypertension.

Anaemia

A large proportion of patients undergoing elective surgery for colorectal cancer are 
anaemic and iron deficient at the time of diagnosis. In the pre-assessment clinic it 
should established which type of anaemia is present and a full blood count (FBC) 
should be checked. Where other forms of anaemia are present then these should be 
managed according to appropriate local guidelines; however most patients are likely 
to have iron deficiency anaemia in the colorectal cancer group. It is recommended 
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that elective surgery patients should receive a haemoglobin (Hb) determination a 
minimum of 30 days before the scheduled surgical procedure, however, this may not 
be feasible in the UK given colorectal treatment target times [23].

The need for blood transfusion may indicate a high-risk situation and in cardiac 
surgery the need for blood transfusion is an independent risk factor for mortality.

Mild anaemia is associated with a more advanced disease stage and is associated 
with a higher mortality, morbidity and length of hospital stay [24]. Unsurprisingly, 
some studies identify that a low preoperative haematocrit and haemoglobin level is 
an independent risk factor for blood transfusion [25] with transfusion rates of 
between 10% and 30% in the literature [26]. Blood transfusion, other than being an 
expensive and a limited resource, is associated with potentially serious complica-
tions, such as transfusion reactions and transmission of viral infection; is well rec-
ognised to be associated with higher postoperative systemic infection rates; and is 
also associated with a higher colorectal cancer recurrence rate with a dose-related 
increase in the odds of recurrence by 30% with every additional two units of blood 
that are transfused [26]. In addition, autologous transfusion (following self- donation) 
does not alter prognosis or decrease cancer recurrence risk when compared to allo-
geneic transfusion. Moreover, a theoretical risk of autologous transfusion is the re-
introduction of tumour cells that may impair cancer outcome [27]. Transfusion also 
has the unwanted effect of immunosuppression and may alter outcomes owing to 
reduced tumour surveillance. It affects the immune system and on a cellular level 
seems to be associated with decreased T-cell-mediated immunity, induction enhance-
ment of the acute inflammatory response and increased cytokine production. 
Leukocyte reduction of transfused blood neither changes recurrence rates nor sur-
vival in transfused colorectal cancer patients [28].

Blood transfusion and intense surgical stress might synergistically affect the 
long-term progress after curative resection of colorectal cancer and therefore avoid-
ing transfusion where possible appears to be a sensible solution. Strategies in 
patients with anaemia are therefore centred upon increasing haemoglobin levels 
preoperatively without resorting to blood transfusion and restricting intraoperative 
surgical blood loss to an absolute minimum.

Debate exists regarding the threshold level of haemoglobin for intervention with-
out transfusion and what the target level should be prior to surgery. A haemoglobin 
level of below 10 g/dL is often regarded as the minimum threshold for intervention 
but is likely to evolve as further evidence is published. There is also debate around 
the threshold for blood transfusion. Practice guidelines from the American Society 
of Anesthesiology suggest transfusion at a level of 6 g/dL but not at 10 g/dL [29]. In 
a patient within the range 6–10 g/dL, decisions therefore need to be taken based on 
individual circumstances (e.g., co-morbidity, organ ischaemia, intravascular vol-
ume, ongoing bleeding, risks of inadequate oxygenation).

Options to treat anaemia preoperatively to avoid transfusion include oral and 
intravenous iron supplements, with or without erythropoietin stimulation [30–33]. 
These agents have been submitted to study in randomised clinical trials in the cor-
rection of perioperative anaemia in an attempt to reduce allogeneic blood transfu-
sion and the consequences above.
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In colorectal cancer, Lidder found that ‘oral ferrous sulphate given preopera-
tively in patients undergoing colorectal surgery offers a simple, inexpensive method 
of reducing blood transfusions’ and improved the haemoglobin and ferritin levels 
[30]. Other groups have identified this benefit in non-randomised studies and have 
suggested that supplementation for at least 2 weeks prior to surgery is required [34]. 
Oral iron therapy is cheap but there are a number of caveats to its use. Patients 
already taking a variety of tablet and capsule medications may find the addition of 
oral iron a burden. Poor compliance, intolerance, duration of treatment, poor (unpre-
dictable) response, continuing blood loss and anaemia of chronic disease (associ-
ated with inflammation and surgery) also restrict the appropriateness of oral iron 
therapy. Intravenous iron in some studies is felt to be more convenient and achieves 
target Hb levels and repletes iron stores more quickly but its role in colorectal can-
cer surgery has been less convincing to date.

A consensus statement published on the role of intravenous iron in perioperative 
management by Beris concluded that currently recommendations can be made for 
use in orthopaedic surgery and that more evidence is needed for surgery in other 
specialities such as colorectal surgery [35]. However, intravenous iron has been 
shown to be more effective than oral iron in post-partum anaemia, resulting in a 
more rapid rise and sustained Hb levels [36].

Erythropoietin levels are reduced in patients with cancer and recombinant eryth-
ropoietin is widely used to treat anaemia in patients undergoing chemotherapy and 
improves quality of life. However, data from a recent Cochrane meta-analysis indi-
cate that, currently, there is insufficient evidence to recommend the use of erythro-
poietin in the pre- and perioperative period in colorectal cancer surgery [33].

There are also concerns pertaining to administration of erythropoietin-stimulating 
agents (ESAs) to patients with cancer. These have been associated with increased risk 
of veno-thromboembolism and mortality by some. In the USA, the Federal Drug 
Agency (FDA) issued a recommendation in 2008 substantially limiting the use of ESAs 
to treat anaemia in cancer patients, indicating that they be restricted to advanced cancer 
patients. National Institute for Health and Clinical Excellence (NICE) has also indi-
cated that ESAs should only be used in patients with an Hb less than 8 g/dL or where 
blood transfusions are inappropriate. We would therefore regard it as inappropriate to 
use ESAs in patients with iron deficiency anaemia who are to undergo elective colorec-
tal cancer surgery. Further multi-centre randomised trials are needed to define how best 
to treat anaemia avoiding transfusion prior to major colorectal surgery.

Nutrition

Poor nutritional status is associated with poorer outcome after major surgery. Hiram 
Studley first reported this in the 1930s where preoperative weight loss and higher 
postoperative complications were linked [37]. A proportion of colorectal cancer 
patients would be nutritionally challenged at the time of presentation. It is estab-
lished that both infectious and non-infectious complications and even mortality are 
significantly increased in the malnourished patient [38].
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An assessment of a patient’s nutritional status is not straightforward and cur-
rently there is a lack of standardisation in the definition of nutritional depletion and 
there is no consensus on the best method for assessing the nutritional status of hos-
pitalised patients. Multiple factors have been found to be associated with poor nutri-
tional status and it is perhaps not one particular system that matters over another but 
that some assessment and consideration for intervention is given when nutritional 
depletion is thought to be present.

A recent retrospective single-centre study from Italy assessed 1,410 major gas-
trointestinal cancer operations and found advanced age, weight loss, low serum 
albumin and a lack of nutritional support (and pancreatic surgery) to be independent 
risk factors for postoperative complications. Others have identified pre-albumin, 
transthyretin, BMI, oral intake, disease severity, bio-impedance, hand-grip strength 
and anthropometry measurements (e.g., triceps skin-fold) as risk factors. Multiple 
systems exist to predict nutritional ‘risk’ including subjective global assessment 
(SGA); mini-nutritional assessment; Nutrition Risk Index and Nutrition Risk Score 
(NRS) [39].

Recently, the Nutrition Risk Score (see Tables 2.4 and 2.5) has shown some 
promise in the identification of at-risk individuals. This score is based upon age, 
disease severity and nutritional status (BMI, food intake, weight loss >5% time) and 
where three or more factors are positive then this is associated with poorer outcome 
in a major surgery [40].

Where patients are identified as nutritionally ‘at-risk’, then the most suitable pre-
operative intervention is the initiation of oral nutritional supplements and a dietician 
should be involved in the decision-making process. Preoperative oral nutritional 
supplements should be given to patients with insufficient food intake and given pref-
erably before admission to hospital [41]. The benefits of oral nutritional supplements 
and enteral tube feeding have been confirmed in meta-analysis [42]. The evidence for 
how long oral nutritional supplements should be given pre- and postoperatively is 
less clear but is suggested to be 5–7 days before surgery and for 5–7 days after 

Table 2.4 Nutritional Risk Score (NRS)

Mild Moderate Severe

1 2 3

Age (years) >70
Nutritional status BMI 18.5–20.5 <18.5

Food intake [%] 50–75 25–50 <25
Weight loss <5% 3 months 2 months 1 month

Disease severity Example Hip fracture Major surgery BM Transplant

Table 2.5 Nutritional Risk 
Score and postoperative 
morbidity

NRS Complications (%) Infections (%)

Minor surgery <3 6 2
>3 10 7

Major surgery <3 23 13
>3 58 35
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uncomplicated surgery [41]. The most appropriate supplement is a standard whole 
protein formula for most patients but more recently, the role of ‘immunonutrition’ 
with formulas containing arginine, omega-3 fatty acids and ribonucleic acid (RNA) 
has been assessed and evidence is building for its role in major abdominal cancer 
surgery and after severe trauma [41]. It is imperative that the data be interpreted in 
the context of individual patient’s risk since specialty formulas appear most benefi-
cial in patients at risk of subsequent complications or those with significant pre-
existing malnutrition. Preoperative immunonutrition in malnourished patients has 
been more beneficial than perioperative conventional nutritional support.

Where severe nutritional risk is identified (e.g., weight loss >10–15%/6 months; 
BMI <18.5; Subjective Global Assessment Grade C; serum albumin <30 [with nor-
mal renal/hepatic function]) surgery should be delayed where possible and nutri-
tional deficits corrected as soon as this risk is identified. This group is unlikely to 
follow a complete enhanced recovery after surgery (ERAS) pathway although some 
components would still be suitable. The role of other nutritional supports including 
parenteral feeding and enteral tube feeding is beyond the scope of this chapter.

Obesity

Obesity is a significant problem among most of the European patient population and 
with this comes obesity-related disease. Obese patients have significantly more sur-
gical site infections and soft tissue complications after surgery and have a greater 
proportion of deep venous thromboses, incidence of postoperative lung dysfunction 
and metabolic disturbance postoperatively. In some cases, elective surgery can be 
postponed to allow weight loss by medical means or bariatric surgery; however, in 
the colorectal cancer population this is not feasible.

Hypertension

Hypertension treatment is associated with a reduced mortality from stroke and coro-
nary heart disease. In surgical patients, however, it is apparent in the literature that 
if a patient has a systolic blood pressure below 180 mmHg and a diastolic blood 
pressure less than 110 mmHg (stage 1 or stage 2) then high blood pressure is not an 
independent risk factor for cardiovascular complications in the perioperative period 
[10]. Despite this finding, identification of hypertension in the pre-assessment clinic 
is an opportunity to initiate treatment via the patient’s general practitioner even 
though it is unlikely to have an effect upon the overall outcome of the planned 
surgery.

Where a systolic and diastolic blood pressure is identified as over 180 and 
110 mmHg, respectively (stage 3 hypertension), then postponing surgery to initiate 
or optimise anti-hypertensive medications may be merited if the risk of delaying 
surgery is acceptable. Nevertheless, one randomized trial was unable to demonstrate 
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a benefit to delaying surgery for a diastolic blood pressure between 110 and 
130 mmHg in a group with no previous MI, unstable or severe angina pectoris, renal 
failure, pregnancy-induced hypertension, left ventricular hypertrophy, previous cor-
onary revascularization, aortic stenosis, preoperative dysrhythmias, conduction 
defects or stroke [10, 43]. The trial patients received 10 mg of nifedipine delivered 
intranasally to rapidly control blood pressure and the control group had surgery 
postponed and had in-patient blood pressure control and no significant differences 
in postoperative morbidity was observed. This suggests that Stage 3 hypertension 
on the day of surgery in the absence of significant cardiovascular morbidity need not 
delay surgery.

Patients taking angiotensin-converting enzyme (ACE) inhibitors and angiotensin 
II (ATII) receptor antagonists are at higher risk of intraoperative hypotension and 
reports vary on the effect upon cardiac and renal complications in the perioperative 
period and this has prompted a move for ACE I and ATII receptor inhibitors to be 
withheld on the morning of surgery [10] with the recommendation that once a 
patient is deemed euvolaemic postoperatively that they be restarted owing to con-
cerns regarding perioperative renal dysfunction.

Diabetes

It is well established that poor glucose control in the perioperative period is an inde-
pendent predictor of postoperative infection and mortality independent of diabetic 
status [44] countering the historical acceptance of relatively high glucose levels in 
the perioperative period. The control of blood glucose concentration is therefore 
more crucial than making a diagnosis of diabetes.

Nevertheless, while clinical trials demonstrate the harmful effects of periopera-
tive hyperglycaemia, the ideal target for cardiovascular benefit of intraoperative and 
postoperative glycaemic control are not yet entirely clear. In addition, tight glycae-
mic control may exert a cost in terms of increased incidence of severe hypoglycae-
mia. The ultimate goal in the management of diabetic patients is to achieve equivalent 
outcomes as those patients without diabetes.

Diabetes mellitus is common in the colorectal surgery population and its presence 
should heighten suspicion of occult coronary artery disease (CAD) as both CAD and 
myocardial ischaemia and heart failure are more likely in patients with diabetes mel-
litus. The requirement for insulin in diabetes is an independent cardiac risk factor in 
the Lee index. Mortality rates in diabetic patients are estimated to be up to five times 
greater than in non-diabetic patients. This has been attributed to end-organ damage 
caused by the disease. Chronic complications resulting in microangiopathy (retinopa-
thy, nephropathy and neuropathy) and macroangiopathy (atherosclerosis) directly 
increase the need for surgical intervention and the occurrence of surgical complica-
tions due to infections and vasculopathies. In general, infections account for 66% of 
postoperative complications and nearly one quarter of perioperative deaths in patients 
with diabetes. Data suggest that impaired leukocyte function, including altered 
chemotaxis and phagocytic activity, may underlie this finding.
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Optimisation of glucose control preoperatively is the ideal and should be done in 
cooperation with the patient’s general practitioner and endocrinologist/diabetic liai-
son nurse and individualised to the patient. Comprehensive preoperative assessment 
and intensive intraoperative and postoperative management by a multidisciplinary 
team are recommended. It is estimated that one quarter of diabetic patients are 
unaware that they have the disease hence it is prudent to screen all patients undergo-
ing major colorectal surgery by checking glycosylated haemoglobin (HbA1c or 
A1C). A recent novel study in colorectal cancer patients showed that every fourth 
patient undergoing colorectal surgery without known diabetes had an elevated 
HbA1c as an indicator of glucose intolerance. These patients also had a higher glu-
cose level after surgery, higher CRP levels and more complications, in particular 
infectious complications. [45]

In addition to standard preoperative information, details of a patient’s current 
diabetes management should be documented, e.g., duration of treatment, specific 
medication regimen and issues with insulin resistance or hypersensitivity. 
Preoperative measurement of HbA1c may identify patients at higher risk of poor 
glycaemic control and postoperative complications and general practitioners may 
be able to offer this information during the preoperative work-up.

In general, on the day of surgery, patients on oral hypoglycaemic agents are 
advised to discontinue them owing to their potential to cause hypoglycaemia. In 
addition, sulfonylureas have been associated with interfering with ischemic myo-
cardial pre-conditioning and may theoretically increase the risk of perioperative 
myocardial ischaemia and infarction. Metformin should be discontinued preopera-
tively because of the risk of developing lactic acidosis. For such patients, short-
acting insulin may be administered subcutaneously as a sliding scale or as a 
continuous infusion, to maintain optimal glucose control, depending on the type and 
duration of surgery. Patients will be advised of these modifications at the pre-assess-
ment clinic. Maintenance insulin may be continued, based on the history of glucose 
concentrations and the discretion of the endocrinologist/diabetic liaison team.

Smoking and Alcohol Intake

Smoking and high alcohol intakes are important risk factors for perioperative mor-
bidity in all elective and emergency surgery. The most common perioperative com-
plications related to smoking are impaired wound healing, wound infection and 
cardiopulmonary complications. Even in young smokers, reduced pulmonary capac-
ity, increased mucus production and reduced ciliary function are recorded [46].

All patients presenting for surgery should be questioned regarding smoking and 
hazardous drinking as clear benefit is obtained by intensive interventions to encour-
age their cessation as this translates to benefit by significantly reducing the inci-
dence of several serious postoperative complications, including wound and 
cardiopulmonary complications and infections. The duration of these interventions 
can, however, be between 3 and 8 weeks or longer meaning that patients requiring 
prompt surgery may not gain this advantage [47].
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Patient Education and Conditioning of Expectations

The colorectal surgery patient is faced with high psychological and physical stress 
levels and the threat of significant disruption in a number of valued role areas: work 
function and career, as a parent and spouse, community involvement, recreational 
activities, gender identity, possible stoma and no longer being a ‘well person’. This 
may lead to depression and lowered self-esteem as well as placing additional strain 
on the social support systems that are already trying to cope with the surgery process 
itself. This can be reduced with patient education and conditioning of expectations.

Particularly in cancer patients, it would be regarded as more appropriate for infor-
mation to be given about perioperative care in enhanced recovery in a subsequent 
separate session from the appointment when the diagnosis is discussed, as a distressed 
patient is less likely to respond to attempts to educate and modify expectations.

The enhanced recovery consensus is that preoperative information is beneficial 
and patient education should describe the patient’s journey and condition expecta-
tions for the period of hospitalisation. Intensive preoperative patient information 
facilitates postoperative recovery, reduces anxiety and pain, and improves postop-
erative self-care and symptom management, particularly in patients who exhibit the 
most denial and the highest levels of anxiety [48–52]. Several meta-analyses have 
demonstrated the benefits of preoperative education outcome [53, 54].

Delivering information during pre-assessment appears to be more effective than 
in the immediate preoperative period [55, 56] Patient education includes emphasis-
ing the importance of a patient’s role in his or her own recovery and a clear explana-
tion of what is to happen encourages adherence to the ERAS care pathway as 
compliance is currently believed to be central to a successful programme [57]. 
Patients should be engaged in their recovery by being given tasks to perform and 
targets to meet during the postoperative period, for instance food intake and mobili-
sation, and criteria that should be met to permit discharge from hospital. Suitable 
discharge criteria comprise the ability to tolerate solid food, to be able to fully mobi-
lise, oral analgesia adequately resolving the pain and flatus and/or faeces are passed 
indicating gut function is maintained, the patient is afebrile and agrees for discharge 
[2]. If criteria for discharge are not adequately explained this can result in a delayed 
discharge [58]. Social aspects of a patient’s care may hinder the patient’s timely 
discharge. Often patients are medically fit for discharge but have insufficient social 
circumstances to support their discharge or they may be unwilling to be discharged 
despite suitable medical fitness [57]. Pre-assessment should aim to determine what 
social aspects are deficient that may delay discharge. Wherever possible, these fac-
tors should be modified preoperatively in cooperation with social workers, general 
practitioners and occupational therapists.

As yet there is no single definitive method of information giving that will suit all 
patients or enhanced recovery teams to achieve preoperative optimisation, but basic 
guidelines for patients are useful and should be both oral and written (and easily read-
able) forms for the intended audience [59]. The use of patient diaries may benefit 
patient understanding, motivation and assist in audit of patient compliance. There may 
also be benefit in showing patients and relatives the ward onto which they will be 
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admitted and familiarising them with its layout as part of the pre-admission process. 
Patients are likely to recover more quickly in an elective-only environment and the 
ward should be designed to facilitate the feeling of security, encourage independence 
and allow free access to food preparation and self-care facilities [60].

Setting realistic goals and discussing potential morbidity is also important and has 
a positive impact upon recovery [61]. ‘Informative preparations’ can be both ‘proce-
dural’ and ‘sensory information’ indicating what the patient will see, hear, feel and 
taste. Hendry reported that about half of unselected patients were able to have their 
intravenous fluids removed the day following surgery and about half were able to get 
out of bed on the day of surgery and about two-thirds were able to resume a full diet 
on the day after surgery [62]. Morbidity is reduced overall and readmission rates 
around 10% and reoperation rates below 8% are quoted in recent studies [63, 64]. 
Post-discharge expectations should be clarified; King reported 58% of patients under-
going open colorectal surgery felt fully recovered at 12 months compared to almost 
90% of laparoscopic surgery patients within an enhanced recovery programme [64].

Despite preoperative education being clearly beneficial, how well a patient pro-
cesses this information depends upon their information comprehension, recall abil-
ity (attention span, memory capacity, age, past experiences, educational level and 
coping style) and attitude [65]. Standardising an educational program for patients 
that is provided by nurses may therefore not always address an individual patient’s 
needs. Nonetheless, experienced pre-assessment nursing staff will be able to respond 
to this and will not assume patient information needs, tailoring education according 
to an individual’s knowledge and needs, whilst still emphasising the crucial aspects 
of ERAS that a patient participates in.

Evidence is evolving for how the host response to surgery may be modified by 
patient psychology and psychological interventions exerting influences upon 
immune function, wound healing and short-term postoperative recovery [66]. Of 
interest a link between molecular markers [vascular endothelial growth factor 
(VEGF) pre- and postoperatively] in colorectal cancer and anxiety/depression and 
functional well-being levels has been identified and psychological intervention in a 
randomised clinical trial in advanced breast cancer patients, natural killer (NK) cell 
function was elevated [67, 68].

Preparing patients for surgery by education and conditioning of expectations 
may therefore induce physical changes that will improve outcome. Factors that are 
considered relevant are: the patient’s attitude towards surgery and enhanced recov-
ery and pre-morbid personality significantly influence emotional status during the 
decision-making process. In turn, emotions have a direct effect on ‘stress’ hormones 
and these modulate immune function: Personality type has been found to influence 
hospital stay and it is likely to exert an effect upon pain threshold. In a recent study 
postoperative morbidity and extroversion were predictors of length of stay [69, 70]. 
Postoperative anxiety and depression are closely linked to preoperative levels using 
validated psychological questionnaires and are related to postoperative quality of 
life [69]. Preoperative health behaviour can also influence outcome, including 
immune and endocrine function, wound healing and overall postoperative rehabili-
tation. When patients are under stress, they may increase negative short-term 
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destructive coping behaviours including smoking, alcohol and caloric intake and 
these can have a deleterious effect on not only immune and neuroendocrine func-
tion, but also on postoperative physical recovery.

Cognitive behavioural techniques, hypnosis, relaxation techniques, visualisation, 
imagery and psychosocial interventions have been employed in preoperative patients 
with significant benefit to outcomes however; these techniques are beyond the scope 
of this chapter.

Summary

Preoperative assessment is essential to determine and modify patient co-morbid-•	
ity prior to surgery to improve recovery and reduce complications.
Cardiopulmonary function can be optimised in high-risk patients in close liaison •	
with a cardiologist and an anaesthetist.
Attention to a patient’s functional capacity and cardiac risk factors can identify •	
patients requiring further specialist assessment prior to surgery.
Poor nutrition should be addressed preoperatively, where possible, and oral •	
nutritional supplement will be suitable for most patients.
Anaemia should be treated preoperatively, where possible, to reduce the need for •	
perioperative blood transfusion.
Conditioning patient expectations prior to the operation improves patient recov-•	
ery and reduces anxiety.

Conclusions

Enhanced recovery aims to reduce the surgical stress response, improve the quality of 
recovery and reduce complications. Pre-assessment is first step in this process. 
Providing appropriate information to patients ensures co-operation and reduces anxi-
ety. Pre-assessment ensures modifiable risks can be adjusted and appropriate investi-
gation performed to permit optimisation of a patient’s condition for surgery. An 
optimised and informed patient can expect a more rapid and better quality recovery.
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The Metabolic Response to Injury

Injury and surgery immediately cause a series of stress responses in the body. The 
most important reactions involve the release of stress hormones and cytokines. The 
level of these reactions is related to the amount of stress inflicted. With greater 
stress, increasingly stronger reactions cause more marked catabolic reactions. 
Central to all these reactions is the loss of the normal anabolic actions of insulin, i.e., 
the development of insulin resistance [1]. Excessive catabolic reactions are gener-
ally not beneficial for the body and a state of catabolism continuously breaks down 
muscle tissue and prolongs recovery. Hence a key aspect of enhancing recovery 
after surgery is related to minimising the negative metabolic effects by reducing the 
catabolic responses and having the patient return to a balanced metabolism again.

Insulin is the most important anabolic hormone in the body. Insulin regulates 
glucose metabolism keeping it within very tight limits in healthy people. Insulin 
ensures that glucose levels are normalised shortly after food intake by activating 
rapid glucose uptake in muscle and fat along with glucose loading in the liver as 
glycogen. Other organs and cells have a transient increase of glucose uptake since 
they take up glucose in relation to the prevailing glucose level. Insulin also controls 
protein metabolism primarily by reducing protein breakdown in the muscle, but also 
by supporting protein synthesis in the presence of amino acids. In insulin-sensitive 
cells, primarily muscle and fat, insulin acts via specific receptors on the cell surface 
of these cells. Inside these insulin-sensitive cells specific signalling pathways are 
activated for facilitating the anabolic reactions such as glycogen storage and protein 
synthesis in muscle or the blocking of lipolysis in fat cells.
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With any major injury to the body, these actions by insulin are overrun by the 
release of the stress hormones and the inflammatory reactions mediated by cytok-
ines. Amino acids, free fatty acids and glucose is released to the blood stream as a 
reaction to injury. Substrate metabolism also changes and the body starts to con-
sume fat over glucose. In medium- to large-size operations such as colorectal sur-
gery these reactions are reversible and studies have shown that if the insulin is 
infused in sufficient amounts to bring down glucose to normal levels, the rest of 
metabolism is also normalised [2]. Hence protein breakdown is normalised, and 
free fatty acid levels and substrate oxidation return to normal once the effects of 
insulin on metabolism are reinstituted. From a clinical point of view it seems that 
infusion of sufficient insulin to normalise glucose levels can be used as an end point 
target to achieve these reactions.

Insulin Resistance and Complications After Surgery

In recent years it has become evident that the changes in metabolism and the 
excessive catabolism is a main cause for many of the common complications 
occurring after surgery. Hyperglycaemia is one such cause of complications and 
the development in surgical hyperglycaemia is similar to that described for hyper-
glycaemia in diabetic patients [3] Hence some of key characteristics of hypergly-
caemia are an increase in glucose production, a relative reduction in glucose 
uptake in the periphery and the loss of activation of glucose transporters and gly-
cogen storage in response to insulin stimulation. These changes also occur in type 
2 diabetes. With insulin resistance and the development of hyperglycaemia, the 
main mechanism for glucose uptake into the large depots in muscle and fat is shut 
off. Instead glucose uptake is markedly increased in the organs and cells that take 
up glucose in relation to the prevailing glucose level. These cells include blood 
cells, renal cells, endothelial cells and neural cells. Whilst glucose uptake is 
largely enhanced, these cells have no way of blocking glucose uptake in response 
to this rapidly developing stress. In addition, these cells have no storage capacity 
for glucose. This leaves only glycolysis as the sole metabolic pathway remaining 
open for glucose. This eventually causes problems for these cells. With massive 
glucose inflow to the mitochondria eventually the oxidative capacity is overrun 
and oxygen free radicals are produced. This eventually may cause changes in the 
cell metabolism that renders changes in gene expression and signalling. These 
reactions occur in many cells such as endothelial tissue, kidney, nerve cells and 
blood cells. These are also the key cells involved in many of the most common 
complications such as cardiovascular complications, renal failure, neuropathy and 
infections. Muscle is also affected by surgical stress and fatigue is a very common 
postoperative problem. This fatigue can be explained by a combination of dis-
turbed intracellular glucose metabolism and protein catabolic reaction causing 
muscle breakdown. Recent studies have shown that the main pathways for insulin 
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signalling are disturbed after surgical stress and this blocks the normal actions of 
insulin in muscle cells [4, 5]. This is also true for the fat cells in which pathways 
of insulin are disturbed while pathways enhancing inflammation are up regulated 
[6]. The heart is another muscle that is vulnerable to stress and metabolic distur-
bances and insulin-resistant states. Insulin has also been shown to be a key hor-
mone for tissue healing and hence a state of insulin resistance is accompanied by 
worse healing capacity [7].

Many of the complications in surgical stress are similar to those occurring in patients 
with diabetes. Interestingly, the changes occurring in postoperative glucose metabo-
lism are also very similar to those found in diabetes. Whilst in diabetes the changes in 
glucose metabolism and the accompanying complications usually develop slowly over 
the years, the change in stress-induced glucose metabolism is rapidly established within 
minutes, and the complications occur within the first week of surgery.

Studies of postoperative patients with moderate stress (APACHE II around 
10–15) have shown that controlling glucose levels with insulin impacts outcome by 
reducing the development of some of the more common complications in the surgi-
cal ICU [8, 9] In addition, observational studies in patients undergoing colorectal 
surgery and treated in surgical wards with a lower glucose level had fewer compli-
cations than those with only slightly higher levels [10].

Whilst in recent years the focus in postoperative metabolism has been on glucose, 
there is an abundant literature from earlier years showing that negative protein balance 
is also detrimental to recovery after surgery. Protein balance is also under strong influ-
ence of insulin. Hence, in insulin-resistant states, protein balance becomes negative 
and in particular protein breakdown occurs in muscle. The main effect of insulin is 
reducing protein breakdown in muscle, while protein synthesis is mainly stimulated 
by the presence of amino acids [11]. In stress-induced insulin resistance, treatment 
with insulin can counteract protein losses [2, 12] and support tissue healing [13]. 
Smaller experimental studies in humans clearly suggest that retaining insulin action is 
a key to anabolism and is likely to play a role in the avoiding complications after sur-
gery. In larger clinical studies this notion has been supported in a large randomised 
trial of patients after mainly thoracic surgery. These patients were given a combination 
of enteral and parenteral nutrition and when given insulin to normalise glucose to 
4.5–6.0 mmol/L, the authors reported a marked reduction in complications that 
affected cells sensitive to hyperglycaemia and a marked reduction in mortality. In a 
follow-up large multi-centre trial of patients under greater stress, a similar treatment 
had a small but opposite effect with a slightly higher mortality. These seemingly con-
flicting findings may potentially be explained by some main differences between the 
trials. The first one studied patients under less stress than the second study. This is 
obvious from the about three times higher mortality rate in the second trial. In situa-
tions of increasingly greater stress, the effect of insulin eventually vanishes and may 
even be counter-effective [9]. Secondly, the extent to which the protocol was followed 
differed between the two trials. In the first one performed in a single unit, the protocol 
compliance was very good and the variation in glucose levels was substantially less 
than in the second trial.
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Some Special Risk Groups

The malnourished patient is at particular risk of complications, and will risk having 
a slower recovery [14]. It is therefore important to identify patients who are mal-
nourished or at risk of becoming malnourished and it is advised to inform the patient 
the importance of eating normal food and also to be liberal with providing nutri-
tional supplements during the period before the operation [15].

The patient with diabetes is another patient with higher risks of complications. These 
patients are at risk of being catabolic from the very start if their diabetes is not under 
control. In addition, diabetic patients become even more insulin resistant after surgery. 
While some reports indicate that it may be the peak glucose value that is related to major 
outcomes after surgery, it is also clear that diabetic patients more often reach higher 
glucose levels after surgery compared with non diabetics [16]. Patients with cancer com-
ing for surgery also have a higher prevalence of disturbed glucose metabolism, even if 
they have not been diagnosed with diabetes. This is indicated by a novel study in col-
orectal surgical patients, showing that every fourth patient coming in for colorectal sur-
gery without knowledge of diabetes had an elevated HbA1c as an indicator of glucose 
intolerance [10]. These patients also had a higher glucose level after surgery, higher CRP 
levels and more complications, in particular infectious complications. This is not all that 
surprising since cancer is known to cause insulin resistance.

The surgeon usually meets the patient a few weeks before the patient is about to be 
operated. Many of the patients will have cancer surgery, and some will have radiation 
or chemotherapy, but most of them will be planned for surgery as quickly as possible. 
In most units the operation can be done within a few weeks. This allows the patient to 
prepare metabolically and for the surgeon to institute appropriate treatments.

Preoperative Nutritional Support

In the 2–3 weeks before the operation, the patient should be instructed to make sure 
to eat regular food to secure appropriate energy and protein intake. If there is any 
suggestion of a risk for malnutrition, poor intake, loss of appetite or any overt signs 
of poor nutritional status, nutritional supplements should be prescribed to the 
patient. These can be the regular supplements providing 1 kcal/mL, or supplements 
with 50% more energy and some extra protein. These should be taken daily along 
with the regular food, 400–800 mL per day [15]. Many patients about to undergo 
elective colorectal surgery consume too little energy and protein and are in a semi-
starving state. There are several flavours and types of these supplements, and if 
there are any concerns with tastes, appetite or eating environment, it also advised to 
seek the consultation of a dietician in this phase [17].

In patients with overt nutritional problems, i.e., involuntary weight loss of more 
than 5% in the last 3 months or so, or even more recent changes such as rapid drop 
in food intake in the last couple of weeks, or overt clinical signs of malnutrition, 
more close attention to nutritional needs are warranted. Many cases can be handled 
as outpatients with the support of dieticians and nursing staff for ensuring the intake 
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of food, supplements or enteral nutrition, but some will require hospital treatment 
with intravenous nutrition for up to 10 days to minimise the risks of the surgery [18, 
19]. These include the patients that are unable to consume sufficient energy and 
protein via the enteral route. In many cases, this is a relative problem allowing a 
combination to be used. The enteral route is used for as much as it can take and the 
additional needs supplied with intravenous nutrition.

Physiological Effects of Bowel Preparation

Bowel preparation has been in use for decades before elective colorectal surgery. It 
was undertaken based on the belief that this step would reduce complications by 
minimising the risk of faecal content contaminating the perioneoal cavity and the 
wound. However, large randomised trials have shown that the use of mechanical 
bowel preparation before colonic surgery has no such protective effect. In fact it has 
no effect at all on outcome, as recently reviewed [20, 21]. It does however have 
major effects on hydration [20] and it stops the patient from having a meal in the 
afternoon and evening the day before surgery. This results in a prolonged period of 
fasting. This is not benefical for the patient, as outlined below. For colonic surgery, 
mechanical bowel prepartion should not be used routinely. For rectal surgery, the 
information available is less clear [21].

Preoperative Carbohydrates Instead of Overnight Fasting

Preoperative fasting was first proposed in 1848 after the first fatal anaesthesia [22], 
and became the dogma during the last century [23]. Despite overwhelming evidence 
for liberal fasting guidelines proposing intake of clear fluids up until 2 h before the 
onset of anaesthesia and surgery [24, 25], this ancient routine is still practised in 
many countries. In addition to causing unnecessary discomfort for the patients, the 
fasted state of metabolism coming in to surgical stress has been shown not to be 
optimal [26]. Instead of fasting, preparing the patient with a carbohydrate load has 
been shown to have several positive effects on outcomes after elective surgery. 
Many of these effects can be associated with the effect on insulin action and insulin 
sensitivity that a carbohydrate load can have.

The normal diurnal rhythm can be separated into two major entities: day-time 
metabolism that starts with breakfast and night-time metabolism that prevails during 
the later phase of the night. The two are very much influenced by insulin. When we eat 
breakfast, insulin is released and activates several mechanisms to ensure that the body 
stores the nutrients just consumed. Since digestion is slow and takes a few hours, the 
effects of insulin remain for several hours and are usually still active by the time the 
next meal is taken. This results in a day-time metabolism that is dominated by storage 
and anabolism under the influence of insulin. It is only during the night when the inter-
val between meals is prolonged that the effects of insulin vanes, and other hormones 
prepare the body for the coming day. These hormones, mainly glucagon and cortisol, 
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are both anti-insulin and catabolic and set metabolism in a breakdown mode. This is the 
situation that the body comes into surgery if in an overnight fasted state.

A 20% glucose infusion intravenously overnight or intake of 2–400 mL of a carbo-
hydrate-rich drink at a concentration of around 12% has been used to break the over-
night fasted state, set day-time metabolism and carbohydrate load to the patient. This 
initiates the activation of glucose uptake in insulin-sensitive organs (mainly muscle and 
fat) and breaks the overnight fasted and catabolic state before the surgery [27]. Intake 
of a carbohydrate-rich drink also enhances insulin sensitivity. This is likely to be one of 
the main reasons for the postoperative effect of substantially lower insulin resistance 
with the use of the carbohydrate treatment. This has effects mainly on the peripheral 
uptake of glucose in the first day or two [28, 29], while later the effects of a carbohy-
drate load is to reduce endogenous glucose production [30]. Both these effects will 
lower glucose levels, but in different ways. Interestingly, some of the effects remain for 
a very long time after surgery, as indicated by a report from Denmark showing that 
glycogen storage capacity was reduced in fasted patients up to a month after elective 
colorectal surgery while this was much improved with a preoperative carbohydrate 
load [31]. The mechanisms behind these effects on glucose and protein have recently 
become more clear with studies showing that the insulin signalling pathways for the 
major anabolic effects in muscle cells are better preserved with carbohydrate treatment 
compared to placebo [5]. This is likely to be due to the stimulation of these pathways 
before the onset of stress by the carbohydrate load.

Preoperative carbohydrates also affect other parts of metabolism. Thus, protein 
metabolism is better maintained [32, 33], lean body mass retained [34] and muscle 
function in the postoperative phase better maintained [31, 33]. Not just skeletal 
muscle is affected by metabolism and carbohydrate treatment, but also the cardiac 
muscle. Hence, several reports have shown that the heart functions better in carbo-
hydrate-loaded state as opposed to fasted state [35–37]. These effects on muscle and 
the heart will impact on recovery in a positive way.

Epidural Anaesthesia and Analgesia

Part of the catabolic response is mediated by the release of adrenal hormones, cor-
tisol and catecholamines. This release can effectively be blocked by the use of epi-
dural anaesthesia [38]. The placement of the epidural should be such that it covers 
the dermatomes around Th10 for this effect. Importantly, this should be checked by 
activating the epidural before the onset of surgery to avoid the release of these potent 
catabolic hormones.

The epidural has several other effects that will be described elsewhere in more 
detail but one such effect that is related to the metabolic aspects of enhanced recov-
ery is pain relief. It has very elegantly been shown that pain itself causes insulin 
resistance [39]. Thus avoiding pain is a key feature during the postoperative phase 
where the epidural plays a key role.

When combining the epidural with the carbohydrate treatment, thus addressing 
the insulin resistance in two different ways (as outlined above), a combined effect 
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can be achieved. This was shown to allow complete enteral feeding to be given 
immediately after major colorectal surgery and continued for several days without 
any need of insulin to keep glucose levels within the normal range (6 mmol/L). This 
was achieved because the two treatments basically completely blocked the develop-
ment of insulin resistance and the patient in a more balanced metabolic state was 
able to take care of glucose control with endogenous insulin release [40]. This is 
important since rigorous glucose control is difficult to achieve on regular surgical 
wards since it often require intravenous insulin that needs continuous adjustments.

Postoperative Nutrition and Metabolism

One of the main goals for enhanced recovery after surgery protocols is to have the 
patient back on oral intake as fast as possible, this being a key function necessary 
for discharge. To have the patient eating normally again necessitates two major 
goals to be met. The patient must tolerate the intake of food and the patient must be 
metabolically receptive to the nutrient given in order to make good use of them.

To have the patient tolerate normal food involves gut motility and appetite. 
Behind these functions lies also fluid balance and neural regulation of the gastroin-
testinal tract. This is being discussed elsewhere in more detail, while here the meta-
bolic issue will be discussed.

As has been discussed above, hyperglycaemia is a key marker of surgical stress, 
and elevated glucose levels have been associated with a range of complications after 
surgery such as infections, neural problems, kidney failure, cardiac problems and 
muscle weakness. Some of these effects have been attributed or associated with the 
availability of carbohydrates inside muscle cells, such as the heart [36]. More recent 
studies show that preoperative carbohydrates impact postoperative signalling sys-
tems inside the cells to ensure a more anabolic function being retained. In addition, 
the epidural will further balance the stress responses by reducing the outflow of 
stress hormones and controlling pain. If feeding is pursued immediately after sur-
gery and energy and protein goals are met, the starvation-induced catabolism is also 
avoided. By combining these treatments, the body metabolism can be maintained 
almost normal and this will render the patient a minimum of catabolism and an 
anabolic or at least balanced metabolism to support healing, control hyperglycae-
mia and minimize protein losses and muscle function.

How to Ensure Optimal Metabolism in Clinical Practice

Preoperative outpatient visit: During this visit, the decision to operate is usually 
taken. The patient will have to overcome the potential shock of the information of the 
fact that they have cancer and need an operation before they are given any further 
information. Hence this is often not the optimal time for detailed information about 
what the patient should do or how they best can participate in their own recovery. For 
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this reason, it is best to focus on the patient’s physical appearance – is this patient 
malnourished? Check for sign of malnutrition and order dietetic counselling and/or 
nutritional support. Decide if the patient can be nourished as an outpatient or if hos-
pitalisation is needed. Control for any other metabolic problems, in particular diabe-
tes. If so check glucose control and HbA1c to get insights into recent glucose control. 
Consider referral to an endocrinologist if glucose control is poor. The goal is to have 
the diabetic patient as anabolic as possible during the period before the operation.

Plan for a second visit for more detailed information where the patient and a rela-
tive/caretaker meet a nurse at the ward. This time it is important to involve the 
patient in their own recovery and one of the missions they will have is to both eat 
food and take the supplements after the operation. It is also worthwhile to introduce 
the supplements before the operation, so the patient can get used to them. At this 
time the patient should also be informed about the preoperative fasting regimen and 
the carbohydrate treatment.

Preoperative bowel preparation should be avoided. For most patients undergo-
ing elective colonic resections bowel preparation is unnecessary. It has no beneficial 
effect on outcomes in colonic surgery [21], but will cause dehydration [20] and keep 
the patient from eating and thus set off a period of prolonged starvation. This will 
not be beneficial for the patient and should be avoided as much as possible. For 
rectal resections, the evidence is less clear and no clear recommendation can be 
made based on scientific evidence.

Preoperative fasting: Overnight fasting should only be used in selected cases where 
there is a known problem of gastric emptying or slow or impaired gastric motility that 
would represent a risk for aspiration. Except for certain diagnosis such as cancer in the 
upper gastro-intestinal tract, these cases are relatively rare, meaning that the over-
whelming majority of patients about to undergo elective surgery can adhere to modern 
fasting guidelines [25]. These are: no solids for 6 h before anaesthesia and surgery, and 
recommend free intake of clear liquids until 2 h before anaesthesia and surgery.

Carbohydrate treatment: Carbohydrate treatment is recommended to all patients 
undergoing elective surgery in the most recent guidelines [25] with some caution 
for patients with diabetes. However, recent studies show that in well-controlled 
diabetic patients, gastric emptying is as fast as in healthy individuals [41]. If the 
patient is having bowel preparation the evening before the operation or for some 
other reason is not allowed to eat, an evening dose of 800 mL has been used for the 
12.5% preparation of carboydrates that has been most widely tested and used in 
clinical practice. All patients should have 400 mL as a morning dose to set metabo-
lism before the operation. If the operation is planned for the afternoon, the patient 
can take 200 mL every hour up until 2 h before the operation. If it is a late after-
noon operation, many patients can also have a regular breakfast given that a 6-h 
interval can be allowed for.

Epidural anaesthesia: An important aspect from a metabolic point of view is to 
have the epidural placed and activated before the onset of the operation. The 10th 
dermatome should be covered, and preferably also all the way up to the 4th der-
matome to ensure blocking of adrenergic nerves to the pylorus that otherwise may 
slow down gastric emptying. Secondly, the epidural should stay in place and serve 
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as the basic pain relief for at least 48 h. This will secure gastric motility by minimis-
ing the use of opioids and at the same time avoid pain causing insulin resistance.

Postoperative oral intake: As soon as the patient is lucid after the operation, she 
can be offered to drink clear fluids. After a couple of hours or so, intake of normal 
food can be allowed, and the patient should also take two cartons of nutritional 
supplements the same afternoon/evening of surgery. Preferably, eating and taking 
supplements can be done after getting out of bed after the operation, since this is the 
most normal way to eat or drink.

The day after surgery, the i.v. infusion should be disconnected in the morning. 
The patient should be served normal breakfast and from then on the hospital meals. 
On top of this they should be ordered two supplements with a total of at least 
400 kcal a day. They should be instructed to drink as much as they want to, but at 
least 1,000 mL/day. Nursing staff should take notes on food and fluid intake daily 
and report any problems occurring.

In case of ileus or even vomiting, the intake should be stopped for a couple of 
hours and then resumed with fluids initially. If they work, the patient can start to eat 
again. If there is a suspicion of gastric retention, a nasogastric tube can be used to 
empty the contents. Once this is done, the tube should be removed and the patient 
starts to resume drinking within a couple of hours. The tube should not primarily 
stay in. Keeping a nasogastric tube in should be reserved for patients with an estab-
lished ileus and for as short a period as possible (Table 3.1).

Table 3.1 Actions to take to minimize metabolic stress in ERAS protocols

When Which patient Action

Outpatient clinic The undernourished  
patient

Oral supplements (if the gut is working)
Dietary advice
If not eating properly combine enteral  

and parenteral nutrition
The patient who is slowly 

losing weight
Oral supplements and dietary advice

Day before surgery Elective colon resections Avoid bowel cleansing
All Eat normal hospital food

Before operation All allowed to drink Carbohydrate treatment 2 h before 
anaesthesia

All Thoracic epidural activated
Postoperatively  

day of surgery
All As soon as the patient is lucid:  

propose clear fluids
400 mL oral supplement
Offer dinner

Day after surgery All Disconnect i.v. infusion in the  
morning after operation

Breakfast, lunch and dinner offered
2 × 200 mL oral supplements
Free intake of fluids
Secure good pain control
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   Introduction 

 Enhanced recovery (ER) not only reduces length of stay in hospital for patients but 
can help reduce the development of complications. The development of a complica-
tion during major surgery has important implications for patients beyond that of 
immediate morbidity and mortality risk. In 2005 Khuri and colleagues published a 
study from a database of 105,951 patients undergoing eight    common operations. It 
showed the key determinant of reduced postoperative survival at follow-up at 8 years 
was the occurrence of a complication within 30 days of surgery. Rapid recovery with-
out complications after surgery may also offer survival benefi ts for cancer patients 
because patients are fi tter sooner after surgery to have follow on chemotherapy. 

 The anaesthetist must therefore use available evidence-based techniques and 
drug therapy to reduce the number of complications after surgery. Patients who are 
more likely to develop a complication during the peri-operative period should 
be identifi ed at pre-assessment. Pre-existing medical problems should be optimised 
such as anaemia, pulmonary and cardiac function. Ideally if time permits the patients 
should have their own exercise programme to improve fi tness prior to surgery. 
Finally the patient is placed on the correct care pathway to ensure optimal 
management.  

    M.  G.   Mythen  
     Centre for Anaesthesia ,  University College of London ,   London ,  UK  

      M.   Scott   (*)
     Department of Anaesthetics and Intensive Care Medicine ,  Royal Surrey County 
NHS Foundation Trust, University of Surrey ,   Guildford, Surrey ,  UK     

    Chapter 4   
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   The Role of the Anaesthetist 

     1.    Identifi cation and optimising the patient’s co-morbidities prior to surgery.  
    2.    Reducing the patient’s peri-operative risk using available evidence-based tech-

niques and drug therapy.  
    3.    Delivering a modern anaesthetic technique to minimise postoperative nausea and 

vomiting to enable early gut function.  
    4.    To provide effective analgesia using regional anaesthetic techniques combined 

with multimodal analgesia to enable early feeding and mobility.  
    5.    Peri-operative individualised goal-directed fl uid therapy  
    6.    Minimising secondary complications such as thromboembolic disease, wound 

and chest infection.      

   Pre-assessment Identifi cation of Patients with Reduced 
Functional Capacity, Increased Cardiovascular Risk 
and Optimisation 

 Patients presenting for elective major surgery should be assessed in a specifi c anaes-
thetic lead preoperative assessment clinic as an outpatient prior to coming to hospi-
tal for surgery. At this visit anaesthesia and the ER programme can be explained. 
Some units use this visit to meet the ER nurse specialist and stoma care nurse as 
well and then obtaining informed consent from the patient. 

 Clinical examination together with baseline investigations such as full blood 
count, urea and electrolytes, liver function tests, lung function tests and resting 
ECG can provide further information. MRSA screening can be done at this 
point. 

 Each patient should have:

    1.    Functional capacity assessed  
    2.    Their cardiovascular risk index determined  
    3.    Optimisation of any health problems  
    4.    Commencement of beta-blockers or statins if indicated     

   Risk Factors for Major Surgery 

     1.     Age : Increasing age is a risk factor for surgery.  
    2.     Type of surgery : The type of surgery the patient has performed has different risks 

of MI and cardiac death within 30 days. These have been classifi ed by Boersma 
et al.  [  1  ]  . (Fig.  4.1 ).          
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   Functional Capacity 

 Estimating functional capacity is an important start of assessing a patient. Functional 
capacity is measured in metabolic equivalents (METs). One MET equals the basal 
metabolic rate at rest. Climbing two fl ights of stairs demands 4 METs and strenuous 
activity playing sport or swimming is >10 METS. The inability to perform 4 METS 
indicates poor functional capacity and is associated with an increased incidence of 
postoperative cardiac events. The presence of good functional capacity, even in the 
presence of stable ischaemic heart disease (IHD) or other risk factors is associated 
with a good outcome  [  2  ] .   

   Cardiac Risk Index in Non-cardiac Surgery: The Lee Index 

 In 1999 Lee and colleagues described the Lee index, which is a modifi cation of the 
original Goldman index. The Lee index contains fi ve independent clinical determi-
nants of major peri-operative cardiac events:

    1.    History of IHD  
    2.    History of cerebrovascular disease  
    3.    Heart failure  
    4.    Insulin-dependent diabetes mellitus  
    5.    Impaired renal function  
    6.    High-risk type of surgery     

 All factors contribute 1 point equally to the index, and for patients with an index 
of 0, 1, 2, and 3 points the incidence of major cardiac complications is estimated at 
0.4%, 0.9%, 7%, and 11%, respectively. 

Low –risk  <  1% Intermediate-risk 1-5% High-risk  >  5%
Breast Abdominal Aortic and major vascular

surgery  

Dental Carotid Peripheral vascular surgery
Endocrine Peripheral arterial angioplasty 
Eye Endovascular aneurysm repair
Gynaecology Head and neck surgery 
Reconstructive Neurological /orthopaedic – 

major (hip and spine surgery) 
Orthopaedic – minor
(knee surgery)  

Pulmonary renal / liver
transplant  

Urological - minor Urological - major

  Fig. 4.1    Surgical risk estimate as described by Boersma et al.       
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 The need for further evaluation and treatment before surgery for patients who 
have heart problems can be obtained by referring to the American Heart Association 
(AHA) guidelines (Table  4.1 ).  

 South Devon healthcare Trust has successfully devised a preoperative assess-
ment tool to triage patients according to risk of mortality and morbidity specifi cally 
for elective hip and knee replacement combining age, functional capacity, cardio-
vascular risk factors and surgery. It uses a traffi c light system to determine who 
performs the preoperative assessment and whether the patients undergoes cardio-
pulmonary (CPX) testing (Fig.  4.2 ).  

   Assessing Cardiopulmonary Status Using Cardiopulmonary 
Exercise Testing 

 Cardiopulmonary exercise testing (CPET) is a dynamic non-invasive objective test 
that evaluates the ability of a patient’s cardiopulmonary system to adapt to a sudden 
increase in oxygen demand. The ramped exercise test is performed on a cycle ergom-
eter. With increasing exercise, oxygen consumption will eventually exceed oxygen 

   Table 4.1    Active cardiac conditions for which the patient should undergo evaluation and treat-
ment before noncardiac surgery (Class I, Level of Evidence: B)   

 Condition examples 
 Unstable coronary syndromes  Unstable or severe angina a  

(CCS class III or IV) b  
 Recent MI c  

 Decompensated HF (NYHA 
functional class IV; worsening or new-onset HF) 

 Signifi cant arrhythmias  High-grade atrioventricular block 
 Mobitz II atrioventricular block 
 Third-degree atrioventricular heart block 
 Symptomatic ventricular arrhythmias 
 Supraventricular arrhythmias (including atrial fi brilla-

tion) with uncontrolled ventricular rate (HR greater 
than 100 bpm at rest) 

 Symptomatic bradycardia 
 Newly recognised ventricular tachycardia 

 Severe valvular disease  Severe aortic stenosis (mean pressure gradient greater 
than 40 mmHg aortic valve area less than 1.0 cm 2 , or 
symptomatic) 

 Symptomatic mitral stenosis (progressive dyspnoea on 
exertion, exertional presyncope, or HF) 

   CCS  Canadian Cardiovascular Society,  HF  heart failure,  HR  heart rate,  MI  myocardial infarction, 
 NYHA  New York Heart Association 
  a According to Campeau.10    
  b May include stable angina in patients who are unusually sedentary 
  c The American College of Cardiology National Database Library defi nes recent MI as more than 
7 days but less than or equal to 1 month (within 30 days)  
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delivery. Aerobic metabolism becomes inadequate to meet the metabolic demands 
and blood lactate rises, refl ecting supplementary anaerobic metabolism. The value 
for oxygen consumption at this point is known as the anaerobic threshold (AT), 
expressed as mL/kg/min. Original work by Older has shown a greater mortality in 
patients with an AT below 11 mL/kg/min undergoing major abdominal surgery, the 
risk being compounded by the presence of IHD  [  3,   4  ] . More recent work by Snowden 
and colleagues has shown an increase in postoperative complications and length of 
stay in hospital in patients with submaximal cardiopulmonary exercise testing. The 
study showed that CPET was more sensitive a predictor than the preoperative activity 
questionnaire patients completed. An AT of 10.1 mL/kg/min or greater in this group 
of patients predicted a lower risk of complications  [  5  ] . The VO 

2
  max achieved during 

CPET has also been shown to be an important variable to measure outcome for major 
surgery but more so if the patient is undergoing thoracic surgery.  

   Optimisation of Pre-existing Disease 

 Patients with pre-existing pulmonary and cardiac disease should have their conditions 
optimised by their GP or physician. Anaemia should be screened for, detected and 
corrected before admission for surgery. Cessation of smoking should be encouraged.  

Preoperative assessment: Triage

Risk 1

Age <78 >82

>150 µmol/L

Two TIAs or one stroke

IDDM

MI/NSTEMI

78−82

Angina (no MI)

Heart failure

One TIA

NIDDM

SOB

Confusion

CABG or Stents

PE

Previous problem

Malignancy

Patient request

Worried

Falls

Revision surgery

Bilateral surgery

91−149 µmol/L

Nurse

Source: South Devon Healthcare NHS Trust − model based on the peri-operative risk for elective hip
and knee replacement

Creatinine Look for current
and previous blood results.
If raised in past use highest
measurement
TIA/CVA Transient ischaemic
attach or cerebrovascular
accident
Diabetes Consider duration
of diabetes, control of blood
sugar and other organ
damage
Short of breath Shortness
at breath at rest or minimal
exercise
Confusion Currently
confused or history of
confusion or dementia
Previous problem During
previous admission that may
recur
Worried Any concern that
needs discussion
CPX Cardiopulmonary
exercise

Nurse + Anaesthetist

<90 µmol/L

IHD

Heart failure

Creatinine

TIA/stroke

Diabetes

Short of breath

Confusion

CABG or Stents

PE

Previous problem

Malignancy

Patient request

Worried

Falls

Revision surgery

Bilateral surgery

Assessment by Anaesthetist − CPX

2 3

  Fig. 4.2    South Devon Healthcare Trust’s triage system for preoperative assessment – elective hip 
and knee replacement (Source: South Devon Healthcare NHS Trust – model based on the peri-
operative risk for elective hip and knee replacement)       
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   Cardiovascular Risk Reduction 

 There has been much focus on beta-blockers and statins to reduce peri-operative 
myocardial ischaemic events and peri-operative myocardial infarction. The follow-
ing are the Class 1 evidence-based AHA recommendations  [  6  ] :

    (a)    Statins: Class 1 Recommendations

   Statins should be started in high-risk patients, optimally between 30 days • 
and at least 1 week before surgery (Class 1 B).  
  Statins should be continued peri-operatively (Class 1 C).     • 

    (b)    Beta Blockers: Class 1 Recommendations

   Beta-blockers are recommended in patients who have known IHD or myo-• 
cardial ischaemia according to preoperative stress testing (Class 1 B).  
  Beta-blockers are recommended in patients scheduled for high-risk surgery • 
(Class 1 B) (30 days, at least 1 week prior to surgery.  Target HR 6 0–70, sys-
tolic BP > 100 mmHg).  
  Continuation of beta-blockers is recommended in patients previously treated • 
with beta-blockers because of IHD, arrhythmias or hypertension (Class 1 C).         

   Specifi c Drugs Which Are Important to Identify Preoperatively 

 Certain drugs should be identifi ed preoperatively as they require special manage-
ment through the peri-operative period and if not managed correctly can increase 
the risk of peri-operative complications:

    1.    Aspirin – follow local hospital policy  
    2.    Clopidogrel with coronary stent – liaise with the patient’s cardiologist  
    3.    Warfarin – liaise with the patient’s haematologist  
    4.    ACE inhibitors – consider omitting on morning of surgery       

   Simplifying the Anaesthetic Approach 
to Delivering Enhanced Recovery 

 In 2007 Scott and Fawcett simplifi ed the 20 key elements of enhanced recovery into 
a trimodal approach for the anaesthetist. They separated out the two key areas that 
an anaesthetist has control over: fl uid therapy and analgesia and delivered the other 
elements of ER via a protocol-based enhanced recovery pathway (see Fig.  4.3 ). In 
2009 Levy Scott Fawcett and Rockal combined these key elements using carefully 
delivered spinal anaesthesia combined with general anaesthesia to produce the fi rst 
series of 23-h stay for colorectal resection within a randomised controlled trial  [  7  ] .  
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 The enhanced recovery elements help to normalise patient’s physiology and 
homeostasis. Individualised fl uid therapy using stroke volume optimisation ensures 
that global oxygen delivery and hepato-splanchnic blood supply is optimised. At the 
same time avoidance of liberal amounts of salt containing fl uid in the postoperative 
period reduces gut ileus and encourages return of gut function and early feeding. 
The use of regional analgesia during surgery helps modulate the stress response and 
reduce gut ileus. Early enteral feeding can help change the patient’s catabolic 
response to surgery to anabolic and this promotes healing. Early mobility and heal-
ing with return to normal body homeostasis decreases complications, which in turn 
lead to decreased length of stay.  

   Day of Surgery 

   Admission to Hospital and Preoperative Preparation 

    Same day admission is preferred by patients as they sleep better the night • 
before surgery in their own bed. It also improves utilisation of beds in the 
hospital.  
  Premedication with sedatives or anxiolytics should be avoided if possible.  • 
  The duration of fasting should be 6 h for solids and 2 h for liquids.  • 
  Carbohydrate drinks the night before surgery and up to 2 h before surgery • 
improves patient’s well-being, reduces dehydration and reduces insulin resis-
tance during major surgery.     

Early
Mobility

Effective
Analgesia

(Scott & Fawcett)Enhanced Recovery
Individualised
Fluid Therapy

Modulation of
Stress Response

Early Gut
Function

Decreased
Complications Optimal

Healing

Decreased Length
of Stay

  Fig. 4.3    A simplifi ed 
trimodal approach for 
anaesthetists described by 
Scott and Fawcett delivers the 
non-surgical components of 
ER using a protocol-based ER 
pathway. The two remaining 
elements of fl uid therapy and 
analgesia are extremely 
important in effecting 
outcome for which the 
anaesthetist is responsible       
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   Conduct of Anaesthesia 

    Standard preoperative checks, e.g. World Health Organisation Surgical Safety • 
Checklist.  
  Full monitoring and large bore intravenous access established.  • 
  Regional anaesthetic block plus test dose if needed.  • 
  Induction with propofol and a short-acting opioid.  • 
  Short-acting non-depolarising muscle relaxant is used to facilitate intubation and • 
ventilation.  
  Maintenance of anaesthesia – short-acting volatile agents or target-controlled • 
intravenous propofol infusions with oxygen-enriched air.  
  Avoid nitrous oxide because of its effects on the bowel and increase risk of nau-• 
sea and vomiting.  
  Remifentanil infusion or short-acting opioids as needed.     • 

   Nasogastric Tubes in GI Surgery 

    Can impair return of gut function.  • 
  Are disliked by patients.  • 
  Increase the incidence of postoperative fever, atelectasis and pneumonia.  • 
  Lower GI surgery: Only insert if gastric distension or requested by surgeon.  • 
  Upper GI Surgery: May be necessary.     • 

   Anti-microbial Prophylaxis 

    Antibiotic prophylaxis has been shown to reduce the risk of infective complica-• 
tions in surgery  [  8  ] .  
  The local hospital antibiotic policy should be followed.  • 
  Optimum timing in colorectal surgery has been shown to be 1 h before skin • 
incision.  
  If operations last more than 3 h a further dose of antibiotics should be adminis-• 
tered  [  8  ] .     

   Urinary Drainage 

    Aim to remove urinary catheters the morning after surgery.  • 
  The risk of urinary retention after colonic resection above the peritoneal refl ection • 
after 24 h is low, even if low concentration dose epidural analgesia is used  [  9  ] .  
  Catheterisation may need to be continued if the patient has problems with void-• 
ing due to surgical or other physiological issues.  
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  A recent meta-analysis showed that suprapubic catheterisation may be more • 
acceptable for patients and associated with lower morbidity when used in pelvic 
operations  [  10  ] .     

   Avoiding Peri-operative Hypothermia 

    Warm air blowers on the patients during surgery.  • 
  Warm intravenous fl uids administered.  • 
  Warming should be continued into the postoperative period  [  • 11  ] .  
  Temperature monitoring is mandatory to guide warming and also avoid • 
hyperthermia.  
  Hypothermia increases the risk of wound infection, bleeding and transfusion • 
requirements  [  12,   13  ] .  
  Maintaining the temperature above 36.7°C may also reduce the risk of morbid • 
cardiac events  [  14  ] .     

   Prevention of Postoperative Nausea and Vomiting (PONV) 

    PONV has a major impact on patient recovery.  • 
  PONV is unpleasant, delays gut function, affects mobility and has metabolic • 
consequences.  
  All patients should receive prophylactic anti-emetics during anaesthesia around • 
30 min before the end of surgery. A serotonin receptor antagonists such as 
ondansetron combined, as necessary, with an antihistamine such as cyclizine can 
be effective.  
  Use a scoring system, e.g. Apfel’s prediction model, to identify those patients at • 
high risk of PONV: females, non-smokers, a history of motion sickness and post-
operative opioid administration  [  15  ]  are risk factors. Three or more factors pre-
dict a high risk of PONV and additional measures such as target-controlled 
propofol infusion to maintain anaesthesia ± single doses of dexamethasone may 
be necessary.  
  It is unclear how dexamethasone effects the stress and metabolic response during • 
major surgery – lowest effective dose, caution in diabetics.  
  Droperidol in doses of 0.0625–1.25 mg is effective if morphine is used as the • 
postoperative analgesic regime  [  16  ] .     

   Monitoring and Vascular Access During Surgery 

    Standard monitoring: ECG, pulse oximeter, non-invasive blood pressure, end tidal • 
carbon dioxide (Et CO 

2
 ) and inspired anaesthetic gases and oxygen concentration  

  Temperature monitoring  • 
  Peripheral IV fl uids given through a warming device    • 
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   Arterial Pressure Monitoring 

    Provides beat to beat heart rate, blood pressure and waveform.  • 
  Arterial blood gases and blood loss.  • 
  Useful in patients with cardiopulmonary disease who are more likely to have • 
perioperative problems.  
  Necessary if pulse contour wave analysis is being used.     • 

   Central Venous Lines and Monitoring 

    Still commonly used during open major surgery.  • 
  Complications reduced by using a sterile technique and ultrasound to locate the • 
internal jugular vein during insertion.  
  Multi-lumen central venous catheter provides excellent intravenous access in • 
patients who have cardiopulmonary problems and those patients that may need 
vasopressor or inotrope infusions.  
  Flow-directed monitoring has been shown to be superior to central venous pres-• 
sure, which can often have very high values during laparoscopic procedures, 
hence why central venous lines insertion is losing favour to fl ow-directed fl uid 
therapy techniques.       

   Individualised Goal-Directed Fluid Therapy: Fluid Therapy, 
Stroke Volume Optimisation and Oxygen Delivery 

 Peri-operative fl uid therapy is one of the most important things that anaesthetists 
control that can affect outcome of the surgery. Fluids are discussed elsewhere in detail 
and hence covered here in brief. Evidence-based practice shows that there are several 
important strategies that can affect outcome from surgery related to fl uid therapy. 

   Avoid Fluid Shifts 

    Avoid bowel prep  • 
  Avoid dehydration: Oral fl uid/carbohydrate drink up to 2 h before surgery  • 
  Reduction of bowel handling: Laparoscopic or laparoscopic-assisted surgery     • 

   Individualised Goal-Directed Fluids 

    Stroke volume optimisation during surgery  • 
  Measuring oxygen delivery during surgery (DO • 

2
 ) 

i
  and increasing it if it is low     
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   Postoperative Fluids 

    Restrict salt and i.v. fl uids while maintaining normovolaemia  • 
  Encourage early enteral feeding     • 

   Stroke Volume Optimisation 

 Several studies have shown an improvement in outcome using stroke volume opti-
misation using oesophageal Doppler monitoring in major surgery  [  17,   18  ]  and oth-
ers specifi cally in colorectal surgery  [  19–  21  ] . In all these studies it is interesting that 
stroke volume optimisation with fl uids alone, without the measurement or targeting 
of oxygen delivery improves outcome. An extra bolus of 250 mL of fl uid can be all 
that is necessary to optimise stroke volume and improve oxygen delivery.  

   Technique of Fluid Optimisation 

 The method of fl uid optimisation described below was fi rst described by Mythen  [  17  ]  
and has been used and adapted in many of the major studies which have shown an 
improvement in outcome using oesophageal Doppler  [  18–  20  ] . A fl uid challenge is given 
rapidly and the response in stroke volume observed. It is important to wait for 5 min after 
the fl uid bolus before interpreting the change in stroke volume as it takes time for the 
circulation to adapt to these fl uid boluses. Fluid boluses are repeated until the increase in 
stroke volume is less than 10% following the bolus. After time or if there is bleeding, the 
stroke volume will fall by 10% and a further fl uid bolus is given (Fig.  4.4 ).   

   Timing of Stroke Volume Optimisation 

 It is important to optimise stroke volume before there are any major effects on the 
patient’s circulation. These include putting the patient in a head up or down posi-
tion, before their legs are put up in the Lloyd Davies position and preferably before 
any vasoconstrictors are commenced. At the end of surgery when the surgeon is 
suturing the skin there is a further opportunity to optimise stroke volume prior to 
waking the patient up and going to recovery.  

   Monitoring Cardiac Output and Oxygen Delivery 

 There are an increasing number of options for anaesthetists to use to measure car-
diac output during anaesthesia. Each has advantages and disadvantages; however, 
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 oesophageal Doppler monitoring is the only technology to have been validated 
in randomised controlled studies. Most of the devices can be utilised to optimise 
stroke volume and then calculate cardiac output and oxygen delivery for the patient 
(Fig.  4.5 ). 

    1.    Oesophageal Doppler  
    2.    Arterial waveform analysis; pulse power and pulse contour wave analysis     

 LIDCO Rapid® is a new portable monitor designed for theatre use. It utilises the 
LIDCO Plus® pulse power algorithm but without using lithium to calibrate it. 
A nomogram of the patient’s age, height and weight is used to generate a nominal 
stroke volume (Fig.  4.6 ).   

   Oxygen Delivery and Goal-Directed Therapy 

 Every patient will have different oxygen requirements during surgery depending on 
their own physical and physiological variables, the extent of surgery and metabolic 
response to injury. 

 Oxygen delivery is usually expressed as a value per metre squared of body sur-
face area. It is a product of the haemoglobin level × cardiac output × arterial oxygen 
saturation × 1.34:

   DO • 
2
 I = Hb (g/l) × CO (l/min) × 1.34 × SaO 

2
 /SA (m 2 )    

Measure
stroke
volume

YES
250 mls of

gelofusin over
2 min

Increase in stroke
volume is greater

than 10%

YES

NO

NO

Measure stroke
volume every
10 min

10% fall in
stroke
volume

  Fig. 4.4    Mythen’s method of 
optimising stroke volume 
using colloid fl uid boluses 
has been shown to improve 
outcome in major surgery in 
several randomised controlled 
studies       
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  Fig. 4.5    The Cardio 
Q® oesophageal Doppler 
machine is a simple 
non-invasive way of 
optimising stroke volume in 
patients during surgery       

  Fig. 4.6    The LIDCO Rapid® is a portable machine that can be used in the operating theatre. It 
works off the arterial waveform using pulse power analysis similar to LIDCO Plus but scaled based 
around a nomogram of the patient’s age, height and weight to generate a nominal stroke volume       
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 In 2005 Pearse showed that postoperative goal-directed therapy (GDT) to attain 
a target of an oxygen delivery index of 600 mL/min/m 2  was associated with a 
reduction in postoperative complications and duration of hospital stay. However, 
the patients in this study were not fl uid optimised during surgery so it is unclear if 
the benefi ts seen in this study will be as great in elective surgical patients who 
have stroke volume optimisation during surgery. Further studies are needed to 
establish optimum oxygen delivery targets for different types of surgery, however 
patients identifi ed as having a low oxygen delivery on table should be considered 
for postoperative optimisation using fl uids and inotropes to reduce postoperative 
complications.  

   Which Fluids? 

 There continues to be controversy over which fl uids to use in major surgery. 
Currently there is no clear evidence to support the use of colloids over crystalloid or 
vice versa; however, the studies that have used oesophageal Doppler to optimise 
stroke volume have all used fl uid boluses using colloids to target stroke volume with 
postoperative fl uids being crystalloid. The GIFTASUP guidelines recommend bal-
anced salt solutions over normal saline. Once the patient is fl uid optimised at the 
end of surgery there is no need to keep giving large quantities of salt containing 
intravenous fl uid but normovolaemia should be maintained. Once enteral feeding is 
established the i.v. fl uid should be stopped.   

   Analgesia 

 Analgesia is discussed in detail in Chap.   6    . 
 Analgesic methods should:

   Be effective and allow early mobilisation  • 
  Avoid or reduce the amount of parenteral opioids given to the patient  • 
  Utilise regional or local anaesthetic nerve blocks as appropriate  • 
  Regular paracetamol and non-steroidal anti-infl ammatory agents reduce the • 
need/requirement of opioids    

 Regional blocks

   Help modulate the stress response to surgery  • 
  Increase oxygen delivery during surgery due to sympathetic block causing • 
vasodilatation  
  Can improve return of gut function by avoiding opioids  • 
  Can cause postoperative hypotension  • 
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  Can reduce postoperative mobility if patients are not aided appropriately  • 
  Can lead to increased postoperative intravenous fl uid volumes being given     • 

   Modulation of the Stress Response 

 The stress response to surgery is complex and involves many pathways. Although a 
lot of emphasis traditionally is put on reducing the stress response it is clear that 
there are evolutionary reasons why humans have a stress response. We therefore 
discuss modulation of the stress response rather than obtunding it as some form of 
healing response is necessary and unavoidable due to local infl ammatory effects. 
The factors that are part of the enhanced recovery pathway that help modulate the 
stress response fall into several groups but it is the sum of these that is important in 
a patient making an early recovery and feeling of well-being:

   Fluid therapy and avoidance of preoperative dehydration  • 
  Early postoperative nutrition and avoidance of starvation  • 
  Optimal analgesia and the use of a regional anaesthetic blockade during surgery  • 
  Avoidance of nasogastric tubes, drains, prolonged urinary or central venous cath-• 
eterisation, all of which can affect normal body physiology and homeostasis     

   Intraoperative Issues for the Anaesthetist 

   Comparing Open and Laparoscopic Surgery 

   Positioning of the Patient on the Operating Table 

   Open Surgery 

 For right-sided colonic operations patients are usually positioned supine. For pelvic, 
low anterior resections and left-sided colonic surgery the patient is positioned in the 
Lloyd Davies position to allow surgical access to the rectum. The patient’s legs are 
put in a raised position using a suitable device such as Yellowfi ins®. These take the 
pressure off the patient’s calves. The use of fl owtron boots in the Lloyd Davies posi-
tion has been associated with compartment syndrome if the patient is head down for 
a period of time, so care must be taken to avoid this.  

   Laparoscopic Surgery 

 During laparoscopic resections the patient is often positioned with left or right lateral 
tilt combined with a steep head down position for pelvic surgery. It is imperative to 
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carefully position the patient and wrap the arms and put jelly  padding on any areas 
likely to be subject to pressure effect as the patient may be in this position for a pro-
longed period of time. Yellowfi ins® can increase stability of the patient’s position 
because they support and hold the legs in position. Any sliding sheets used to transfer 
the patient should be removed and the use of shoulder supports can stop the patient 
sliding down the operating table. The steep head down position as shown in Fig.  4.7  
has marked effects on the patient’s physiology, particularly when combined with 
insuffl ation of the peritoneum. These effects are discussed in more detail below.      

   Physiological Consequences of Surgery 

   Open Surgery 

 Open surgery has several disadvantages compared with laparoscopic surgery. There 
is more tissue damage, which can lead to a greater stress and systemic infl ammatory 
response (SIRS). The gut is more likely to get an ileus because of bowel handling 

  Fig. 4.7    The steep head down position necessary for laparoscopic colorectal surgery combined with 
a CO 

2
  pneumoperitoneum creates physiological stresses for the patient’s cardiopulmonary system       
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intra-operatively and fl uid shifts postoperatively. Mobility after surgery can also be 
impaired. Carefully practised epidural analgesia can improve mobility and gut func-
tion after open surgery.  

   Laparoscopic Surgery 

 Despite the increasing adoption of laparoscopic techniques for major surgery, there 
has been surprisingly little published to date regarding the physiological conse-
quences of establishing and maintaining a pneumoperitoneum.  

   Physiological Effects of Establishing 
a CO 

2
  Pneumoperitoneum 

 The physiological changes as a result of establishing a CO 
2
  pneumoperitoneum can 

affect many organs. The cardiorespiratory and fl uid status of the patient has a major 
effect on the magnitude of these effects, as does positioning of the patient, particu-
larly the steep head down/Trendelenberg position used in laparoscopic colorectal 
surgery  [  22  ] . 

   Cardiovascular Effects 

 At insuffl ation there is a rapid rise in arterial blood pressure due to increase in 
aortic afterload  [  23  ] . Early work in laparoscopic surgery suggested a decrease in 
cardiac output at the time of insuffl ation due to a decrease in venous return. 
However, more recent work in fl uid-optimised patients have shown that venous 
return is not as effected and may even increase  [  22,   24  ] . The increase in afterload 
has the effect of decreasing stroke volume. Work by Levy, Scott et al. showed that 
in fl uid-optimised patients this increase in afterload is sustained for around 
20–25 min and follows a similar pattern whether the patient has a regional block 
or not  [  25  ] . After this time the systemic vascular resistance drifts back to more 
normal levels. There is an increase in both left and right ventricular fi lling pres-
sures and elevation of pulmonary pressures and vascular resistance  [  26  ] . Changing 
ventilator parameters and increasing PEEP with the resultant increase in mean 
airway pressure may expose the right ventricle to particularly high workload. 
Increases in right ventricular workload have also been demonstrated in transoe-
sophageal echocardiography due to ventilation and CO 

2
  pneumoperitoneum  [  27  ] . 

In the head down position, care should therefore be exercised if changing ventila-
tor parameters to increase mean airway intra-thoracic pressures as this will worsen 
right ventricular work.  
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   Pulmonary Effects 

 During a CO 
2
  pneumoperitoneum there is increased abdominal wall compliance and 

reduction of lung volume due to the pressure exerted on the diaphragm. Respiratory 
mechanics are disrupted with less excursion of the diaphragm. Ventilation pressures 
therefore need to be increased to achieve the same tidal volumes before insuffl ation.  

   Renal Effects 

 The CO 
2
  pneumoperitoneum, patient positioning and duration of pneumoperito-

neum all have compounding effects to reduce both renal blood fl ow and postopera-
tive renal function  [  28  ] . Particular care should therefore be taken with patients with 
pre-existing renal dysfunction and insulin-dependent diabetics.   

   Complications of a Prolonged CO 
2
  Pneumoperitoneum 

in the Head Down Position 

 It is being increasingly recognised that very long laparoscopic procedures (>3.5–4 h) 
with the patient in the head down position can cause problems that do not occur 
during open surgery. The steep head down position and pneumoperitoneum can lead 
to venous engorgement of the head due to reduction in venous return. If arterial CO 

2
  

rises then this is accompanied by a rise in cerebral blood fl ow, which can further 
exacerbate the problem  [  29  ] . This may lead to confusion and altered conscious level 
in the patient postoperatively and there have been reports of patients requiring ven-
tilation postoperatively in order to control intracranial pressure due to the cerebral 
oedema.   

   Ventilation Strategy During Surgery 

 Ventilation strategy during surgery is aimed at maintaining an adequate arterial  p O 
2
  

and controlling  p CO 
2
 . It is also important to avoid barotrauma to the lungs second-

ary to high airway pressures and lung volumes. 

   Open Surgery 

 Ventilation during open surgery is usually straightforward unless the patient has 
severe cardiorespiratory co-morbidities; however, the ventilation of the lungs during 
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laparoscopic surgery is not always straightforward. The level of PEEP is set to opti-
mise functional residual capacity. The use of ‘optimal’ PEEP can be guided by fl ow 
volume loops. The tidal volume is adjusted using the peak inspiratory pressure so 
that together with the respiratory rate the target alveolar minute volume is achieved 
to maintain the required arterial  p CO 

2
 .  

   Laparoscopic Surgery 

 Ventilation during laparoscopic surgery can be challenging. In the steep head down 
position the peak airway pressure needed to achieve an adequate tidal volume can 
be high due to pneumoperitoneum and chest wall compliance. Although PEEP 
restores the functional residual capacity (FRC) combined with high inspiratory 
pressures the signifi cant increase in mean airway pressure can lead to an increase in 
right ventricular stroke work. Pressure-controlled ventilation may be preferred and 
a higher ventilation rate but lower tidal lung volume (similar to a protective lung 
strategy model for acute lung injury).   

   Summary 

 Minimally invasive surgery has the potential to deliver postoperative benefi ts of 
improved mobility, reduced fl uid shifts, reduced gut ileus, improved early gut func-
tion, reduced analgesic requirements and reduced SIRS response. However there 
are signifi cant cardiopulmonary stresses for the patient during surgery which may 
be greater in certain circumstances than open surgery (Table  4.2 ).   

   Postoperative Care 

 Most patients can be discharged from the recovery area to a ward environment. 
Certain groups of patients should be considered for postoperative monitoring to 
include fl ow-directed studies to enable targeted oxygen delivery for 12 h. These 
include:

    (a)    Patients who have been identifi ed preoperatively as having limited cardiopul-
monary reserve  

    (b)    Patients who at preoperative cardiopulmonary testing has demonstrated an 
anaerobic threshold of less than 10  

    (c)    Patients who after stroke volume optimisation during surgery have an unexpect-
edly low oxygen delivery     
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 The fi rst 12 h postoperatively is important in determining cellular response to 
injury and the healing process and careful management during this time may 
decrease the incidence of complications.  

   Preventing Secondary Complications 

   Reducing the Risk of Postoperative Chest Infection 

   During Surgery 

 Microaspiration into the lungs during surgery may contribute to postoperative chest 
infection. 

 Ways to protect against microaspiration include:

   PU cuffs on et tubes (Sealguard™, Taperguard™)  • 
  PEEP  • 
  Glycopyrronium  • 
  Subglottic suctioning  • 
  Awake extubation     • 

   Table 4.2    Summary of key physiological differences comparing laparoscopic and open major 
surgery   

 Laparoscopic surgery  Open surgery 

 Cardiovascular risk  Equal to open surgery  Equal to laparoscopic surgery 
 Oxygen delivery  Can be reduced compared to open 

surgery due to increased aortic 
afterload and head down position 

 Can be increased during 
surgery due to epidural 
block 

 Ventilation  Can be impaired  Straightforward 
 Pain after surgery  Severe pain settles after 12–24 h 

so can be addressed with oral 
analgesia 

 Severe pain lasting up to 72 h 

 Fluid shifts  Minimised after 24 h unless gut ileus  Up to 72 h postoperatively. 
 Postoperative fl uid 

requirements 
 Intravenous fl uid rarely 

needed beyond 24 h 
 Intravenous fl uids often 

carried on for duration of 
epidural 

 SIRS response  Reduced compared to open surgery  Substantial due to surgical 
wound and bowel handling 

 Gut ileus  Shorter – possibly due to there 
not being bowel handling 

 Can be prolonged 

 Renal function  Renal perfusion reduced 
signifi cantly during surgery 

 Renal perfusion reduced 

 Mobility after surgery  Good  Impaired 
 Lung function after 

surgery 
 Improved compared to open surgery  Can be impaired if there is 

pre- existing pulmonary 
disease or inadequate 
analgesia 
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   Postoperatively 

 Postoperative lung function is improved by good analgesia, position and mobility. 
Levy et al. showed that there were only small differences in lung function (PEFR 
and FEV 

1
 ) in patients with or without a regional block undergoing laparoscopic 

surgery with all groups having a reduction in function  [  30  ] . In open surgery pulmo-
nary function is improved with epidural analgesia. Patients should be nursed sitting 
upright or in a chair whenever possible because lying fl at has a signifi cant effect on 
the FRC of the lungs and respiratory muscle function. Increasing mobility and early 
walking is the most effective way of improving lung function. If patients are unable 
to mobilise early then incentive spirometry may be benefi cial.   

   Preventing Venous Thromboembolism 

 The risk of venous thromboembolism (VTE) is not just during the peri-operative 
period but can last several weeks into the postoperative period after the patient 
has gone home. The causes of thromboembolism are multifactorial and additive. 
Each patient should have an individual risk score calculated before surgery and 
suitable precautions implemented according to local or national guidelines 
(Table  4.3 ).  

   Prevention 

 Measures to decrease the risk of venous thromboembolism:

   Maintaining hydration  • 
  Early mobilisation  • 

   Table 4.3    Risk factors 
for venous thromboembolism   

 Active cancer or cancer treatment 

 • Age over 60 years 
 • Critical care admission 
 • Dehydration 
 • Known thrombophilias 
 • Obesity (body mass index [BMI] over 30 kg/m 2 ) 
 •  One or more signifi cant medical co-morbidities (e.g., heart 

disease; metabolic, endocrine or respiratory pathologies; 
acute infectious diseases; infl ammatory conditions) 

 •  Personal history or fi rst-degree relative with a history of 
VTE 

 • Use of hormone replacement therapy 
 • Use of oestrogen-containing contraceptive therapy 
 • Varicose veins with phlebitis 
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  Surgical compression stockings, e.g. TEDs™ prior to surgery, and these should • 
be worn during their stay in hospital.  
  Fractionated heparin and subcutaneous low molecular weight heparin (LMWH). • 
Studies have shown both to be effective in reducing deep vein thrombosis (DVT), 
pulmonary embolism (PE) and mortality in patients undergoing colorectal sur-
gery  [  31–  34  ] .  
  Meta-analyses have shown that there to be no difference in effi cacy or bleeding • 
risks between LMWH and unfractionated heparin; however, LMWH appears to 
be preferred due to its once-daily dosing.  
  The use of LMWH impacts the way that epidural analgesia can be practiced by • 
the anaesthetist. There is an increased risk of epidural haematoma if epidural 
catheter insertion or removal is within 8–12 h of the administration of LMWH.  
  Patients at very high risk of VTE should be considered preoperatively for a tem-• 
porary vena caval fi lter.  
  Some national guidelines recommend 4 weeks of anti-coagulation after colonic • 
and pelvic surgery, which currently can only be given by daily LMWH subcuta-
neous injection. Rivaroxaban, a direct inhibitor of activated factor X, has been 
introduced in orthopaedic surgery for prophylaxis of VTE after major joint 
replacement. It is yet to be studied in general surgical patients but has the advan-
tage that it is in a simple once-daily tablet form.      

   Reducing the Risk of Wound Infection 

    Prophylactic antibiotics should be administered as per local guidelines.  • 
  Patients should be kept warm throughout the peri-operative period.  • 
  Individualised goal-directed fl uid therapy to optimise oxygen delivery to the • 
tissues.          
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Introduction

Intravenous fluid therapy is an integral component of perioperative care, but this has, 
till recently, often been based on little evidence and much dogma, and patients have 
received either too much or too little fluid. Unfortunately, the morbidity resultant 
from sub-optimal fluid therapy has often been lost in the seriousness of the condi-
tions (such as sepsis and major trauma) that call for the use of fluids [1]. However, 
resurgence of interest in perioperative fluid therapy in the twenty-first century has 
yielded good evidence that optimal fluid management is an important determinant of 
surgical outcome and that, as far as possible, patients should be managed in a state of 
zero fluid balance, avoiding both overload and underhydration [2–5].

Surgical dogma has often led to prolonged periods of preoperative starvation [6], 
which, apart from inducing insulin resistance, also causes patients to reach the 
anaesthetic room in a state of fluid depletion [7], which may be further compounded 
by indiscriminate bowel preparation [8], another practice that has not been shown to 
have a positive effect on surgical outcome [9]. On the other hand, the concept that 
patients should receive large amounts of salt-containing fluids in the perioperative 
period leads to a state of salt and water overload that can also affect surgical out-
comes adversely [5, 10–17].
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The Enhanced Recovery After Surgery (ERAS) protocol [18] has recognised the 
importance of optimisation of fluid delivery and avoidance of fluid overload in man-
aging patients in a state of metabolic equilibrium and improving outcomes, the evi-
dence base for which is discussed in this chapter.

Pathophysiology of Inappropriate Fluid Balance

The ultimate goal of perioperative intravenous fluid therapy is to maintain tissue 
perfusion and cellular oxygen delivery, while at the same time keeping the patient in 
a state of zero fluid balance if possible. However, prior to the warning on the adverse 
effects of excessive fluid administration issued by Moore and Shires [3], it was com-
mon surgical practice to replace blood loss with three times the volume of crystalloid 
and to provide extra fluid for so called ‘third-space losses’. Although the daily main-
tenance requirements for sodium and water are estimated at 1 mmol/kg and 25–35 mL/
kg, respectively, to support the integrity of the extracellular fluid volume, it has not 
been unusual for patients to receive in excess of 5 L water and 700 mmol sodium/day 
in the early postoperative period [10, 12, 13, 16, 19, 20]. In evolutionary terms, the 
well-developed metabolic response to trauma is to conserve salt and water in order to 
preserve intravascular volume. However, when excess fluid is administered, most of 
the excess accumulates in the extravascular compartment and causes oedema [21], 
which is detrimental to surgical outcome [11, 12, 22].

‘Normal’ saline or 0.9% sodium chloride is one of the most frequently used intra-
venous crystalloids in general surgical practice and ten million litres of this solution 
are used in the UK each year. A survey published in 2001 suggested that over a quar-
ter of junior doctors in the UK were prescribing ³2 L of 0.9% saline per day to meet 
what they supposed to be maintenance requirements in the postoperative period [19], 
although this volume provides more than four times the normal daily requirement of 
sodium and chloride, and results inevitably in salt and water overload with all its 
problems. An examination of the history of 0.9% saline reveals very little scientific 
basis for its use [23], which is mostly based on custom and convenience. The origins 
of 0.9% saline supposedly date from the salt solutions pioneered during the 1831–
1832 cholera epidemic that swept across north-east England, although the solutions 
used at that time were, in fact, quite different with much lower salt concentrations 
[23]. The use of 0.9% saline originated from the in vitro studies of Hartold Jacob 
Hamburger who, in the 1890s, found that the freezing point of 0.9% saline was the 
same as that of human serum (i.e. iso-osmolar) and that erythrocytes were least likely 
to undergo lysis in this solution [23–25]. Hamburger called this solution ‘indifferent’ 
saline, indicating that it had no effect on the red blood cells. Somehow, this term got 
corrupted to ‘physiological’ or ‘normal’ [23]. It is uncertain when 0.9% saline was 
first used intravenously in human patients, but the side effects of administering large 
amounts of 0.9% saline soon became apparent [1].

While there is no doubt that 0.9% sodium chloride has saved many lives, this has 
probably been achieved at the expense of avoidable morbidity. The solution is far 
from physiological [23, 26, 27]; its content of sodium, 154 mmol/L, being nearly 
10% higher, and of chloride, 154 mmol/L, 50% higher than that in extracellular 
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fluid. A review of the literature fails to reveal a single study showing it to be superior 
to more physiological crystalloids for resuscitation, replacement or maintenance. 
There are two randomised clinical trials in humans comparing 0.9% saline with 
Ringer’s lactate in the perioperative period, showing that 0.9% saline caused more 
side effects [28, 29]. One of these studies, involving patients undergoing renal trans-
plantation, had to be stopped prematurely because, compared with none in those 
receiving Ringer’s lactate, 19% of patients in the saline group had to be treated for 
hyperkalaemia and 31% for metabolic acidosis [9]. In the other study, involving 
patients undergoing abdominal aortic aneurysm repair, those receiving saline needed 
more blood products and bicarbonate therapy [29]. A comprehensive review of the 
use of 0.9% saline for resuscitation has recommended that its routine use in massive 
fluid resuscitation should be discouraged [30].

Teleologically, mammals have developed very efficient mechanisms to conserve 
salt and water in the face of fluctuations in water supply and scarcity of salt. On the 
other hand we have not, until recent times, been exposed to salt excess and our 
mechanism for excreting this is correspondingly inefficient, depending on a slow 
and sustained suppression of the renin-angiotensin-aldosterone axis [21, 31]. Atrial 
natriuretic peptide seems to be more responsive to changes in intravascular volume 
than to total extracellular salt content. Even healthy human volunteers can take over 
2 days to excrete a rapid infusion of 2 L of 0.9% saline [21, 31]. Most of the retained 
fluid after such infusions accumulates in the interstitial compartment [21, 31], lead-
ing to manifest oedema if overload exceeds 2–3 L [32, 33]. In the face of acute ill-
ness, injury or surgery, and also of severe malnutrition, the capacity to excrete a salt 
and water load is further impaired, only returning to normal during convalescence 
[34, 35]. An overload of 0.9% saline in such cases can cause hyperosmolar states 
[36], hyperchloraemic acidosis [21, 31–33, 37, 38], decreased renal blood flow and 
glomerular filtration rate [39], which in turn exacerbates sodium retention. Oedema 
impairs pulmonary gas exchange and tissue oxygenation, and leads to an increase in 
tissue pressure in organs such as the kidney, which are surrounded by a non- 
expansible capsule, thereby compromising microvascular perfusion, increasing 
arterio-venous shunting and reducing lymphatic drainage, all of which facilitate 
further oedema formation. Fluid accumulation in the lungs also increases the risk of 
pneumonia. Removal of excess alveolar fluid is achieved by active sodium transport 
and the gradient between the hydrostatic and colloid osmotic pressures. Active 
sodium transport is affected by fluid administration and by the release of pro-inflam-
matory cytokines, both of which occur perioperatively [40]. Acidosis impairs car-
diac contractility, reduces responsiveness to inotropes, decreases renal perfusion 
and can be lethal in combination with hypothermia and coagulopathy [30]. 
Hyperchloraemic acidosis, as a result of saline infusions [21, 32, 33, 38, 41], has 
been shown to reduce gastric blood flow and decrease gastric intramucosal pH in 
elderly surgical patients [37], and both respiratory and metabolic acidosis have been 
associated with impaired gastric motility [13, 42, 43]. Just as fluid overload causes 
peripheral oedema, it may also cause splanchnic oedema resulting in increased 
abdominal pressure, ascites [44] and even the abdominal compartment syndrome 
[45]. Consequently, this may lead to a decrease in mesenteric blood flow and a 
 further exacerbation of the process, leading to ileus or functional obstruction of 
anastomoses, increased gut permeability, intestinal failure and even anastomotic 
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dehiscence [11, 12, 14, 46, 47]. Fluid excess may also impair postoperative mobility 
and increase the risk of deep vein thrombosis [47], nausea, vomiting, abdominal 
pain, hyperventilation, headaches, thirst, confusion and diplopia [38].

At the cellular level saline excess can cause cytosolic acidification, membrane 
hyperpolarisation, inactivation of protein kinases, disruption of phosphorylation, 
impairment of mitochondrial function, inflammation, disordered neurotransmitter 
metabolism and poor glycaemic control [48]. Both Sydney Ringer [49] and Harvey 
Cushing [50] have shown that muscle contractility ceases in vitro when tissues are 
bathed in 0.9% saline.

On the other hand, true fluid restriction resulting in underhydration can be equally 
detrimental [51, 52] by resulting in decreased venous return and cardiac output, 
diminished tissue perfusion and oxygen delivery, increased blood viscosity, 
decreased saliva production with a predisposition to postoperative parotitis, and an 
increase in viscosity of pulmonary mucus resulting in mucous plug formation and 
ateletactasis [53]. Induction of anaesthesia in patients with a fluid deficit further 
reduces the effective circulatory volume by decreasing sympathetic tone. Inadequate 
fluid resuscitation and decreased tissue perfusion can lead to gastrointestinal 
mucosal acidosis and poorer outcome [54] (Fig. 5.1).

Compared with 0.9% saline, the use of balanced salt solutions, e.g. Hartmann’s 
or Ringer’s lactate/acetate, achieves better acid–base balance, less blood loss, better 
renal function, less nausea and vomiting, and probably better survival. In 1986 
Veech wrote, ‘The use of 0.9% saline imposes unnecessary demands of a wide-
spread nature upon cellular energy metabolism until the kidney can excrete the 
excessive chloride infused. This is unnecessary today in light of the technical 
advances in the last 50 years’ [26].
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Fig. 5.1 The range for safe fluid therapy (Adapted from Bellamy [52])
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Types of Fluids

Salt (sodium chloride) containing crystalloids and colloids are used during resusci-
tation to expand the intravascular volume. The ability of a solution to expand the 
plasma volume is dependent on its volume of distribution and the metabolic fate of 
the solute, so that while colloids are mainly distributed in the intravascular compart-
ment, once the dextrose is metabolised, dextrose-containing solutions are distrib-
uted through the total body water and, hence, have a limited and transient capacity 
to expand blood volume. Isotonic sodium-containing crystalloids are distributed 
throughout the extracellular volume, including the plasma, and textbook teaching 
classically suggests that such infusions expand the blood volume by one-third the 
volume of crystalloid infused [55]. In practice, however, the efficiency of these 
solutions to expand the plasma volume is only between 20% and 25%, the remain-
der being sequestered in the interstitial space [21, 56, 57]. Although these solutions 
are used successfully for this purpose, the price paid for adequate intravascular fill-
ing is overexpansion of the interstitial space and tissue oedema. Solutions of dex-
trose or of hypotonic saline can cause significant hyponatraemia (Na+ < 130 mmol/L) 
when used in excess, and care should be taken to avoid this potentially harmful 
effect, particularly in children and the elderly [58].

Colloids are fluids that contain particles large enough to be retained within the 
circulation and, therefore, to exert an oncotic pressure across the capillary mem-
brane. Albumin solutions are monodisperse as they contain particles of uniform 
molecular weight while synthetic colloids contain particles of varying sizes and 
molecular weights in an attempt to optimise the half-life and plasma volume-
expanding capacities of the solutions [59, 60]. Colloids are more efficient at staying 
in the intravascular space and in producing less interstitial oedema than crystalloids. 
The blood volume expanding effect of colloids such as hydroxyethyl starch is in the 
range of 60–70% [21, 31]. Colloids may also improve microcirculatory flow [61] 
and are more anti- than pro-coagulant. However, the evidence from systematic 
reviews and meta-analyses does not show that resuscitation with colloids confers an 
advantage in reducing the risk of death compared to crystalloids in patients with 
trauma, burns and following surgery or that one colloid is more effective than others 
[62–65]. Moreover, crystalloids have found to be much more cost-effective for fluid 
optimization [66, 67].

Fluid Therapy in Colorectal Surgery

Surgery for colorectal cancer is associated with an overall mortality risk of <5%, 
with 70% of patients being over the age of 65 years [68] with poor functional 
reserve and associated co-morbidities. The internal milieu of patients undergoing 
colorectal surgery is subjected to physiological alterations in the composition of 
water and electrolytes in the various fluid compartments as determined by the 
nature of disease process, type of surgery, anaesthesia, acute blood loss and the 
perioperative care [69].
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Restrictive/Standard/Liberal Regimens

Several studies have examined the effect of different fluid regimens on postopera-
tive outcomes following colorectal surgery. Whilst showing good postoperative out-
comes for individual regimens, there were no clear definitions or standardisation for 
volume and type of fluids, making direct comparisons and interpretation of these 
studies difficult. Some studies have suggested that ‘restrictive’ fluid therapy is asso-
ciated with good outcome in patients having major abdominal surgery [10, 13, 70, 
71], while others have suggested that ‘restricted’ fluid regimens may be detrimental 
to outcome [51, 72].

Lobo et al. [13] studied the effect of salt and water balance on recovery of gas-
trointestinal function after elective colonic resection and set the tone for a radical 
change in the perioperative fluid management of surgical patients and evoked inter-
est for further studies in this area. The standard group received a minimum of 3 L of 
intravenous fluid with 154 mmol of sodium each day, while the restricted group 
received no more than 2 L water with 77 mmol of sodium. Apart from resulting in 
positive salt and water balance with a 3 kg gain in weight, the standard regimen 
resulted in a delay in recovery of gastric emptying and prolonged hospital stay. 
Moreover, despite fluid restriction to 2 L, none of the patients in the restricted group 
developed renal impairment or hyponatraemia. This was the first study to demon-
strate that fluid overload could result in gastrointestinal failure.

These results were supported by those of Brandstrup et al. [10] who randomised 
141 patients undergoing elective colorectal resection to standard or restricted intra- 
and postoperative fluid management in an observer-blinded multi-centre trial. The 
patients in the restricted group were not given intravenous fluids for pre-loading or 
replacement for third-space losses and were encouraged to have oral fluids postop-
eratively. The regimens used were complex, but in simplistic terms, the standard 
group were given fluids to increase body weight while in hospital by 3–7 kg, while 
those in the restricted group were maintained in a state of zero fluid balance. The 
fluid-restricted group had an earlier return of bowel function and 50% fewer com-
plications, compared to the standard group. Interestingly, the authors also reported 
a dose–response relation between complications and increasing volumes of intrave-
nous fluid (p < 0.001) as well as increasing body weight (p < 0.001) on the day of 
operation, independent of allocation group. There were four deaths in the standard 
group due to cardiorespiratory complications and none were reported in the fluid-
restricted group.

Two other studies reported the effects of ‘standard’ versus ‘restrictive’ fluid 
regimes, in patients undergoing vascular surgery. McArdle et al. [16] compared the 
effects the two regimens during both intra- and postoperative periods, in patients 
undergoing open elective infra-renal abdominal aortic aneurysm repair while 
Gonzalez-Fajardo et al. [73] studied the effect of ‘restrictive’ fluid therapy with a 
‘standard’ regime, postoperatively. Both these studies reported significantly 
increased risk of complications and length of stay in the ‘standard’ group, compared 
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with the ‘fluid-restricted’ group. The cumulative fluid balance was also similarly 
‘less positive’ in the restricted groups in both studies.

Holte et al. [72] randomised 32 consecutive patients undergoing elective colonic 
surgery to ‘restrictive’ and ‘liberal’ fluid regimen using Ringer’s lactate during the 
intraoperative period. The pre- and postoperative fluid management were stan-
dardised according to protocol. They failed to show any significant differences in 
terms of intraoperative haemodynamic parameters or cardiorespiratory function. No 
significant differences were reported in the number of re-admissions or complica-
tions rates. However, there was a trend (statistically not significant) towards 
increased risk of anastomotic leakage in the restrictive group.

These results were similar to the study by McKay et al. [74], in which 80 patients 
were randomised to receive either a restricted regimen of less than 2 L of water and 
77 mmol sodium for 24 h after surgery or a standard regimen of 3 L water and 
154 mmol sodium per day for 3 days postoperatively. There were no significant dif-
ferences on postoperative gastrointestinal function, complications, hospital stay or 
mortality. These results were attributed to a conservative approach to intraoperative 
fluid and sodium management, avoiding gross fluid gains, resulting in minimal dif-
ferences in the total fluid given and a change of median bodyweight within 1 kg of 
preoperative values in both groups.

In contrast, the study by Nisanevich et al. [15] evaluated the effects of ‘liberal’ and 
‘restrictive’ fluid regimens using lactated Ringer’s solution in the intraoperative period. 
Although there were significant differences in the amount of fluids administered intra-
operatively (3.8 vs. 1.4 L), the amounts given postoperatively were similar. Interestingly, 
they reported significantly better outcomes in the fluid restricted group with regards to 
complications, return of bowel function, weight gain and hospital stay.

An attempt to study the risk of surgical wound infection following colonic sur-
gery was made by Kabon et al. [75], by the use of supplemental Ringer’s solution, 
comparing ‘small’ with ‘large’ fluid management during surgery. This resulted in 
large-volume patients receiving almost twice as much total fluid compared to small-
volume patients (5.7 ± 2 vs. 3.1 ± 1.5 L). However, the results failed to show any 
significant differences in wound infections, bowel function or duration of 
hospitalisation.

A recent study by Vermeulen et al. [51] compared standard versus restrictive 
fluid therapy after major abdominal surgery. Duration and type of surgical proce-
dures were similar in both groups. No significant differences were found between 
both groups for any of the gastrointestinal function parameters, time to removal of 
nasogastric tubes and discontinuation of intravenous and epidural catheters. Neither 
group was maintained in a state of fluid balance, but there were more complications 
and protocol violations in the restricted group.

An attempt to clarify the terms ‘restrictive’, ‘standard’ and ‘liberal’ using the total 
amount of fluids given in the control and intervention arms of randomised controlled 
studies was made in a meta-analysis performed by us [5], in which the groups were 
standardised as follows: restricted fluid therapy: <1.75 L/day; liberal fluid therapy/
fluid overload: >2.75 L/day; fluid balance: between 1.75 and 2.75 L/day.
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Based on these definitions, patients who received more or less fluid than those 
who received a balanced amount were considered to be in a state of ‘fluid imbal-
ance’. Nine studies [10, 13, 15, 16, 51, 72–75] with a total of 801 patients met the 
inclusion criteria for the meta-analysis. Using the original definitions as described 
in the individual studies, ‘restricted’ fluid regimens when compared with ‘standard 
or liberal’ fluid regimens, showed no difference in postoperative complication rates 
(risk ratio 0.83 (95% CI 0.49, 1.39, p = 0.47)) or length of hospital stay (weighted 
mean difference (WMD) –1.77 (95% CI –4.36, 0.81) d, p = 0.18).

However, applying standardised definitions (balance vs. imbalance), the results 
showed there was a 59% reduction in risk of developing complications in the group 
that was in a state of fluid balance when compared with the group in imbalance and 
there was a 3.4-day reduction in hospital stay in the former group. When studies 
using primarily 0.9% saline were analysed, similar results were observed with a 
49% reduction in complications and a 4.4-day reduction in length of hospital stay 
[5]. Moreover, maximum weight gain was seen in the studies in which the standard 
group received an excessive amount of fluid [10, 13, 15]. It appears that patients 
need to gain at least 2.5–3 kg in weight, as a result of salt and water overload, in the 
postoperative period in order to have a worse outcome than those maintained in a 
state of zero fluid balance [76]. Avoidance of fluid overload, rather than fluid restric-
tion, seems to be the key to better postoperative outcome [12].

Cardiovascular Monitoring

Conventional intraoperative monitoring techniques may not predict accurate fluid 
requirements since they are based on mean arterial pressure (MAP), which is depen-
dent on both cardiac output (CO) and systemic vascular resistance (SVR) and, thus 
not a good indicator of blood flow or oxygen delivery [77]. Optimal fluid therapy 
requires clear preoperative decision making to monitor haemodynamic stability 
during the perioperative period, usually determined from information based on a 
thorough clinical assessment taking into account the co-morbidities, nature of dis-
ease process, surgery, anticipated blood loss and the level of care needed postopera-
tively. In addition to helping optimise cardiac output and oxygen delivery, 
cardiovascular monitoring also assists in differentiating between varying aetiolo-
gies of haemodynamic instability including hypovolaemia, sepsis and cardiogenic 
causes of tissue hypoperfusion or shock [78].

Haemodynamic variables such as mean arterial pressure and cardiac output are 
directly related to the heart rate and stroke volume. Whilst invasive monitoring meth-
ods such as measurement of venous (CVP) pressure using a cannula and a pressure 
transducer gives an indication of the preload, arterial cannulation gives a beat-to-beat 
arterial pressure waveform, which helps assess myocardial performance, preload and 
systemic vascular resistance. However, it must be noted that these measurements 
must be interpreted with the knowledge of the patients’ past medical history and 
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 current physiology. Moreover, measurement of cardiac output and stroke volume 
itself does not directly reflect oxygen delivery (DO

2
), since overzealous fluid admin-

istration using a pre-determined regimen and end point can restore cardiac output at 
the expense of reduced oxygen carrying capacity and thus DO

2
 (normal: 600 mL/m2). 

To offset this problem, the estimation of beat-to-beat Hb and SpO
2
 (Masimo Radical 

7, Masimo Corporation, California, USA), if used alongside continuous measure-
ment of CO, will allow real time assessment of DO

2
 [79].

Intraoperative transoesophageal Doppler (TOD) probes for continuous monitor-
ing of cardiac output enable optimisation of intravascular volume and tissue perfu-
sion in major abdominal surgery. They are associated with a reduction in the incidence 
of postoperative complications and length of hospital stay and can be very useful in 
high-risk patients. The TOD monitor is a relatively non-invasive method of measur-
ing cardiac output using a flexible 4 MHz ultrasound probe placed in the oesophagus 
to insonate the descending aorta and the Doppler principle to measure peak blood 
flow velocity and the flow time, which is corrected for the heart rate. Pearse and col-
leagues [80], in their study using the LiDCO system, a minimally invasive indicator 
(lithium) dilution technique, and pulse contour power analysis of radial artery wave-
form to measure stroke volume and thus cardiac output, concluded that goal-directed 
therapy reduces hospital stay, postoperative nausea and vomiting and complications, 
and facilitates faster gastrointestinal functional recovery. Similar favourable results 
have reported by others using LiDCO [81–83], although within the criteria specified 
for such monitors, the limited ability of LiDCO to track rapid changes in SV as a 
result of major haemorrhage in animal models or use of vasoactive agents have been 
highlighted. However other non-invasive flow-related techniques to optimise intra-
operative fluid therapy have shown varied results compared to the oesophageal 
Doppler guided-GDT [82, 84, 85]. But, to realize the full benefit of such high-level 
monitoring devices, fluid optimisation should extend into the postoperative period.

Goal-Directed Therapy

Intraoperative fluid therapy guided by evidence-based protocols and advances in 
flow monitors with the understanding of fluid pathophysiology have had a positive 
influence on enhanced recovery outcomes. The principles of goal-directed therapy 
(GDT) are based on measurements of cardiac output or other similar parameters to 
guide intravenous fluid and inotropic therapy. Many studies using GDT have 
reported improved short-term outcomes in patients undergoing major abdominal 
surgery [86–89]. GDT is also supported by the British Consensus Guidelines on 
Intravenous Therapy for Adult Surgical Patients (GIFTASUP) [4] published in 
2008, which state, ‘In patients undergoing abdominal surgery, intraoperative treat-
ment with intravenous fluid to achieve an optimal value of stroke volume should be 
used where possible as this may reduce postoperative complication rates and dura-
tion of hospital stay. Level 1a’.



82 K.K. Varadhan and D.N. Lobo

A number of clinical studies have reported that administering fluids to achieve 
maximal left ventricular stroke volume whilst avoiding excess fluid administra-
tion and consequent impairment of left ventricular performance improves out-
comes in patients undergoing major general surgery, especially when commenced 
preoperatively [80, 90–93]. It is to be noted that a majority of patients presented 
with a functional preoperative volume deficit and in a fraction of these patients, 
the deficit was of clinical relevance needing optimisation by maximising stroke 
volume with a median of 200 mL, emphasising the need for an individualised 
approach to GDT [94].

Two meta-analyses [2, 95] that compared goal directed with conventional ther-
apy in patients having abdominal surgery reported a reduced incidence of postop-
erative complications and length of stay. Walsh et al. [95] reported that paradoxically, 
there was no difference in the amount of intraoperative crystalloid and colloid 
administered between the groups and concluded that this might be due to high het-
erogeneity in the analysis of colloid volumes and, hence, the data should be inter-
preted with caution. On the contrary, other studies reported using significantly more 
colloid in the Doppler-guided group [86, 88, 89].

In the study by Wakeling et al. [89], intraoperative oesophageal Doppler-guided 
fluid management was associated with a 1.5-day median reduction in postoperative 
hospital stay and 22% reduction in complications. Patients recovered gut function 
significantly faster and suffered significantly less gastrointestinal and overall mor-
bidity [89]. This was similar to the study by Noblett et al. [86], which showed that 
the use of oesophageal Doppler and LiDCO cardiac monitors was associated with a 
reduction in morbidity and length of stay after major surgery.

The use of Doppler-guided fluid therapy has been shown to reduce the compli-
cations and length of stay in other specialities, including hip surgery [96, 97] and 
urology/gynaecology [88]. Measures to improve oxygen delivery using inotropes 
have been reported to improve outcomes after major elective surgery with signifi-
cant reduction in mortality and morbidity in high-risk surgical patients [91, 93]. 
However, the study by Stone et al. [98], giving fluid infusions during surgery using 
stroke volume measurements guided by oesophageal Doppler to increase cardiac 
output, failed to show a significant difference between inotrope use and saline, in 
terms of postoperative complications or length of stay and suggested that fluid 
optimisation is the major contributor to improved oxygen delivery. Davies et al. 
[99] also did not show any significant advantages of dopexamine use in high-risk 
patients receiving goal-directed fluid therapy undergoing major abdominal 
surgery.

Similarly, the importance of fluid optimisation using GDT over inotrope use is 
supported by a systematic review [2], which reported reduced hospital stay, fewer 
complications and intensive care unit (ICU) admissions, less requirement for ino-
tropes and early return of gastrointestinal function in the group managed by GDT. 
Despite these clinical and economic advantages, the use of GDT or other minimally 
invasive techniques have not been adopted widely or become universally available 
in the operating theatres [52].
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Fluid Therapy Within an ERAS Protocol

The important concepts of the ERAS protocol are based on best evidence that 
enables an accelerated recovery from surgery with the aim of minimising the stress 
response, thereby reducing morbidity and mortality [18]. In contrast to traditional 
care methods, ERAS uses a structured care pathway. The main components affect-
ing perioperative fluid balance are summarised in Table 5.1.

Preoperative

No Pre-medication

The role of anaesthetists is critical in successful delivery of fast-track surgery pro-
grams [100]. One of the aims of the preoperative assessment should be that patients 
should reach anaesthetic room in a state of adequate hydration [76]. The importance 
of appropriate use of anaesthetic agents, inotropes and prophylactic drugs to mini-
mise side effects, fluids and blood transfusions in the perioperative period cannot be 
overemphasised.

Preoperative assessment of fluid deficit in patients having major colorectal sur-
gery should include a clear history of presenting illness with regards to the duration 
of gastrointestinal symptoms such as vomiting or diarrhoea, decreased oral intake, 
length of preoperative fasting, preoperative bowel preparation and evidence of 
dehydration on physical examination. These should be corroborated with laboratory 
values of haemoglobin, urea, nitrogen and creatinine, as clinical examination alone 
may not predict accurate fluid deficit [101, 102]. Long-acting sedatives, hypnotics 
and opioids are associated with prolonged recovery due to inability to drink or 
mobilise postoperatively. Therefore, short-acting medications are recommended to 
facilitate early recovery.

Mechanical Bowel Preparation

Routine mechanical bowel preparation contribute to preoperative fluid deficit, espe-
cially in the elderly [103]. Reports from studies suggest no benefit, [104] or rather 
an increased risk of complications such as prolonged postoperative ileus as well as 
increased risk of anastomotic leakage from mechanical bowel preparation [9, 105–
108]. Some studies indicated that a calculated volume of intravenous fluid adminis-
tered during bowel preparation improves patient outcomes with respect to blood 
transfusion and postoperative oliguria [8, 109]. However, it has been reported that 
with hypertonic bowel preparations (e.g. sodium phosphate), increased plasma 
osmalility, urea and phosphate concentrations, decreased calcium and potassium can 
result even in healthy volunteers [103]. Therefore the consensus guidelines from the 
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ERAS society recommend that ‘patients undergoing elective colonic resection above 
the peritoneal reflection should not receive routine oral bowel preparation. Bowel 
preparation may be considered in patients scheduled for low rectal resection where 
a diverting stoma is planned’ [18].

Preoperative Fasting

ERAS principles emphasise avoidance of prolonged fasting as overnight preopera-
tive fasting and metabolic stress from surgery leads to fluid deficits and postopera-
tive insulin resistance [110]. It has been shown that the degree of insulin resistance 
is related to the magnitude of the operation [111]. Provision of food up to 6 h pre-
operatively and clear carbohydrate drinks up to 2 h preoperatively ensures that 
patients are in metabolically fed state, reduces preoperative thirst, anxiety, postop-
erative nausea and vomiting and also improves insulin sensitivity, even in diabetic 

Table 5.1 Recommendations for fluid therapy for patients managed under an ERAS protocol

Preoperative
  •  Preoperative starvation leads to fluid depletion – solid food intake should be allowed up to 

6 h and clear liquids (including carbohydrate loading) up to 2 h before induction of 
anaesthesia.

  •  Mechanical bowel preparation leads to loss of salt and water. If bowel preparation is 
necessary, patients should be rehydrated to their pre-bowel preparation body weight prior to 
arrival in the anaesthetic room.

Intraoperative
  •  Colloid boluses to optimize cardiac output, as measured by transoesophageal Doppler, lead 

to less interstitial overload and better outcomes. Other monitoring devices such as LiDCO 
may be used.

  •  Intraoperative crystalloid overload should be avoided, especially with unbalanced solutions 
such as 0.9% saline.

  • Balanced crystalloids and colloids are preferable to 0.9% saline-based fluids.
  •  Significant blood loss should be replaced by 1:1:1 transfusions of packed cells, fresh frozen 

plasma and platelets.
  • Intraoperative hypotension in the euvolaemic patient may be controlled with vasopressors.

Postoperative
  •  Avoidance of nasogastric tubes and prevention and treatment of postoperative nausea and 

vomiting leads to better oral fluid and nutrient intake and reduces the need for intravenous 
fluid.

  •  The euvolaemic patient requires no more than 2–2.5 L water and 70–100 mmol sodium 
intravenously per day. Potassium supplements should be added. Most patients require 
intravenous fluids for no more than 48 h after colonic surgery.

  •  Epidural analgesia–induced hypotension in the adequately hydrated patient should be 
treated with vasopressors. If necessary a 250–500 mL bolus of balanced colloid rather than 
crystalloid should be used.

  •  As far as possible, patients should be managed in a state of zero fluid balance, avoiding 
both overhydration and underhydration. Overhydration leading to short-term weight gain 
>2.5 kg is detrimental to outcome.
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patients [112]. Overnight fasting does not reduce the risk of aspiration and intake of 
clear fluids until 2 h before anaesthesia is as safe [113]. There is also evidence to 
suggest that shortened preoperative fasting does not increase the risk of aspiration, 
regurgitation or related morbidity compared with the standard ‘nil by mouth from 
midnight’ [113]. Thus, ERAS recommendations are that ‘ the duration of preopera-
tive fasting should be 2 h for liquids and 6 h for solids and patients should receive 
carbohydrate loading preoperatively’ [18].

Intraoperative

Fluid Optimisation

There is increasing evidence to suggest that excess salt and water is associated with 
inhibition of gastrointestinal function, pulmonary complications, immobility and 
prolonged recovery [13, 42, 47, 114–116]. A typical weight gain of 3–6 kg has been 
reported in colonic surgery [13, 117]. Many studies have reported that intravenous 
fluid therapy that does not change body weight reduces postoperative complications 
[10], reduces bowel wall oedema and preserves anastomotic stability [13, 14]. 
Weight gain in excess of 20% has been shown to be associated with increased 
 morbidity among postoperative patients in intensive care [118].

Therefore, the aim of a GDT should be to optimise intravascular volume to 
ensure adequate tissue perfusion. Intraoperative optimisation of fluid therapy should 
aim to use intravenous fluids efficiently, relevant to the patient’s needs. When pos-
sible, preload should be optimised before administering vasoactive drugs as any 
preoperative fluid and electrolyte derangements may exacerbate hypovolaemia and 
complicate intra- and postoperative fluid management. Monitoring of haemody-
namic variables guided by GDT should be considered on an individual basis to aid 
fluid therapy in certain high-risk patients. This should be achieved by efficient use 
of fluids guided by the cardiovascular parameters and careful monitoring of the 
response throughout the perioperative period to maintain cardiac output and stroke 
volume.

Mid-thoracic Epidural Analgesia

Preoperative commencement of a mid-thoracic epidural blocks stress hormone 
release and attenuates postoperative insulin resistance [18]. It also helps in achiev-
ing analgesia and sympathetic blockade and in preventing gut paralysis [119]. ERAS 
programmes recommend continuous low-dose mid-thoracic epidural using local 
anaesthetic and opioid combinations for approximately 48 h, following elective 
colonic surgery and approximately 72–96 h after pelvic surgery with boluses for 
breakthrough pain. Paracetamol (acetaminophen) (4 g/d) for baseline analgesia and 
NSAIDs following removal of epidural should be started postoperatively.
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Treatment of Postoperative Nausea and Vomiting (PONV)

Aggressive treatment of PONV facilitates early oral feeding. Symptoms related to 
postoperative ileus and opioids can be more stressful than postoperative pain. 
Female gender, non-smoking status, history of motion sickness or PONV and post-
operative opioids confer high risk [120, 121]. Individuals at moderate risk (>2 fac-
tors) should receive prophylactically with dexamethosone sodium phosphate at 
induction or serotonin receptor antagonist at the end of surgery [122, 123].

Avoid Nasogastric Tubes

Avoiding routine use of nasogastric tubes is associated with earlier return of gastro-
intestinal function and is not associated with increased risk of anastomotic leak or 
length of stay [124]. Routine use of intra-abdominal drains in colonic or rectal sur-
gery does not reduce the risk of complications. Drains should not be used for routine 
colonic resections above peritoneal reflections and for low anterior resections only 
short-term (<24 h) drainage should be considered.

Postoperative

Encourage Early Postoperative Oral Intake

Methods to establish early oral intake not only facilitates early return of bowel func-
tion, but also allows stopping of intravenous drips and aids mobilisation, leading to 
faster recovery. It reduces postoperative morbidity and is not associated with an 
increased risk of anastomotic dehiscence [125].

Avoid Fluid Overload

Avoidance of excessive hydration is essential whilst optimising maintenance 
requirements in the uncomplicated patient. Stopping intravenous fluids as early as 
possible and commencing oral fluids is the best available option to restrict fluid 
overload in the postoperative period. Most patients require no more than 2–2.5 L of 
water and 70–100 mmol of sodium per day. Potassium is best avoided on postopera-
tive days 0 and 1, unless the serum potassium is low. However, regular potassium 
supplements should be prescribed from day 2 onwards.

The early postoperative phase is associated with oliguria, salt and water reten-
tion. Oliguria should be assessed as average urine output over 4 h and if associated 
with hypotension should be treated with fluid boluses of crystalloids or colloids 
titrated to patient response guided by flow-based therapy when possible, along with 
the correction of any fluid deficits, electrolyte abnormalities, careful monitoring of 
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continuing losses and daily weighing. Hypovolaemia secondary to gastrointestinal 
losses from diarrhoea, ileus, small bowel fistula and ileostomy should be replaced 
volume for volume with balanced crystalloids. Blood transfusions if needed should 
be provided in the ratio of 1:1:1 of whole blood: FFP: platelets, as appropriate. 
However, oliguria, which is associated with epidural anaesthesia, is usually due to 
vasodilatation or relative intravascular hypovolaemia, and can be treated by judi-
cious use of vasopressors [126].

Conclusion

Perioperative fluid therapy has a direct effect on outcome, and prescriptions should 
be tailored to the needs of the patient. The goal of fluid therapy in patients undergo-
ing elective surgery is to maintain the effective circulatory volume while avoiding 
interstitial fluid overload whenever possible. Weight gain in elective surgical patients 
should be minimised in an attempt to achieve a ‘zero fluid balance status’. On the 
other hand, patients should arrive in the anaesthetic room in a state of adequate 
hydration so as to avoid the need to resuscitate fluid-depleted patients in the anaes-
thetic room or after the induction of anaesthesia.

Optimal fluid delivery should be part of an overall care package that involves 
minimisation of the period of preoperative fasting, preoperative carbohydrate load-
ing, thoracic epidural analgesia, avoidance of nasogastric tubes, early mobilisation 
and early return to oral feeding, as exemplified by the enhanced recovery after sur-
gery programme [18]. There is a relatively narrow range for safe fluid therapy and 
too much or too little fluid can affect outcome adversely. Balance is the key [5].
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Introduction

Good pain control following surgery is a cornerstone of modern perioperative care. 
Aside from the humanitarian considerations, good pain control should allow patients 
to mobilise more swiftly, lessen organ dysfunction, begin earlier nutrition and ulti-
mately allow quicker discharge home [1]. Within the context of enhanced recovery 
(ER), various pain control modalities may also have secondary effects on the physi-
ological response to surgery and fluid administration. Thus pain control should be 
viewed not in isolation but as hopefully promoting and certainly not hindering other 
aspects of ER.

The two fundamental areas to consider are the analgesic drugs themselves and 
the route of their administration.

Analgesic Drugs

There are many different drugs available for pain control (Table 6.1). Opioids are 
the principal drugs for postoperative pain, of which morphine is viewed the gold 
standard. Whilst morphine provides effective pain relief it has many adverse effects, 
some of which are particularly relevant to colorectal surgery. The major focus in the 
last two decades has therefore been to add to analgesics different mechanisms of 
action so that there is a morphine-sparing effect. This concept of multi-modal or 
balanced analgesia minimises opioid use whilst still permitting good overall pain 
control.
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Routes of Administration

Getting analgesic drugs rapidly and in the correct concentration to the site of action 
is essential for good pain control. Intravenous administration gives rapid plasma 
levels and for patients undergoing surgery, this method is practical and generally 
effective. The oral route may be effective, but will require absorption from the gas-
trointestinal tract. In addition, some drugs, for example opioids, have a significant 
first pass effect and the oral dose needs to be increased to allow for this.

Other routes commonly used are rectal (not suitable for low rectal anastomoses), 
intramuscular and more rarely transdermal and intranasal. Both local anaesthetics 
and opioids can be administered via the spinal and epidural route. In addition, local 
anaesthetics can be given as local nerve blocks.

In addition to the use of these drugs, if patients are going to benefit fully from an 
ER programme, then they will need access to an acute pain service, which with the 
ward staff can undertake careful documenting of pain problems, sedation, respiratory 
rate and other parameters and, where necessary, intervene to correct problems.

Classical Approach to Analgesia for Colorectal Surgery

Epidural Analgesia (Extradural)

The widespread introduction of epidural analgesia for open colorectal surgery has 
had a dramatic effect on the postoperative course. Both local anaesthetics and opi-
oids may be used, but they are most commonly used together. Whilst providing 
superlative segmental pain relief, epidurals also have other physiological effects 
(Table 6.2) in particular a degree of sympathetic nerve blockade leading to hypoten-
sion. There is commonly interference with bladder emptying, and in addition any 
opioid used may have systemic effects such as respiratory depression, itching and 
postoperative nausea and vomiting (PONV).

Table 6.1 Drugs used to 
control pain

Opioids agonist, e.g. morphine, pethidine, diamorphine, codeine
Local anaesthetics, e.g. bupivacaine, lidocaine
Anti-inflammatory drugs
Traditional NSAIDS. e.g. diclofenac and ibuprofen
Selective cyclooxygenase (COX)-type 2 inhibitors, e.g. parecoxib
Paracetamol
Miscellenaeous
Tramadol (opioid agonist and noradrenaline and serotonin 

reuptake inhibitor)
NMDA receptor antagonists, e.g. ketamine and magnesium
Anti-convulsants, e.g. pregablin, gabapentin
Alpha-2 agonists, e.g. clonidine
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The effects of epidurals have been well studied for 20 years and several meta-
analyses have provided encouraging results for the use of epidurals in major sur-
gery. Rodgers’ paper examined 141 trials with 9,559 patients from New Zealand 
and is typical where a dramatic reduction in mortality (30%), deep vein thrombosis 
(44%), pulmonary embolism (55%), blood transfusion requirements (50%), pneu-
monia (39%) and respiratory depression (59%) were shown [2].

Of particular relevance to patients undergoing colorectal surgery is the return to 
normal GI function so that enteral feeding can be resumed. Thus any prolongation 
of a postoperative ileus is most detrimental. The use of opioids is a major factor here 
and several studies have convincingly shown that the use of continuous epidural 
infusion with local anaesthetic compared to opioid is very effective at reducing 
postoperative ileus.

However, there are numerous problems with epidurals and some studies have 
shown epidurals to be much less effective than previously thought: Indeed the 
MASTER Trial (in which 915 high-risk patients in Australia undergoing major 
abdominal surgery were randomised to receive an epidural or alternative regimes) 
showed a trend towards increasing mortality – 5.1% vs 4.3% with no difference in 
morbidity [3]. More recently the focus for potential harm that can arise from epidur-
als is gaining momentum. Common problems include epidural failure, hypotension, 
poor mobility and permanent neurological damage.

An ineffective epidural is a common and serious problem, occurring in up to 
50% of patients. Often the patient is in pain for several hours whilst the attempts are 
made to top up the epidural, position the patient differently, etc. and sometimes all 
to avail. In addition, whilst a local anaesthetic/opioid infusion is in progress, the 
patient cannot receive other opioids.

Hypotension is a significant issue too especially for colorectal surgery. 
Anastomotic healing appears to be dependent on blood pressure and efforts have to 

Table 6.2 Effects of neuraxial anaesthesia (epidural 
and spinal)

Local anaesthetic
Sensory nerves

Pain relief
Numbness
Loss of proprioception
Urinary retention

Motor nerves
Muscle weakness
Urinary retention

Sympathetic nerves
Hypotension
Bradycardia

Opioid
Respiratory depression
Drowsiness
Itching
Urinary retention
PONV
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be taken to ensure this is effective. The problem is that treating patient with further 
i.v. fluids, often almost a reflex response by junior medical staff in these patients, 
may involve the ultimate administration of several litres of excess fluid and saline, 
which is counter-productive to all patients especially those in whom enhanced 
recovery is contemplated. This has detrimental effects not only on the anastomosis 
but also in patients at risk of myocardial ischaemia and pulmonary oedema. In addi-
tion excess i.v. fluids can prolong the paralytic ileus and cause electrolyte distur-
bances and may decrease tissue oxygenation and affect anastomotic healing [4].

Mobilisation postoperatively for patients with epidural infusions is sometimes a 
problem. Depending on the rate and concentration of bupivicaine (typically between 
0.1% and 0.15%), there may be an element of motor block and of loss of proprio-
ception. This together with potentially a significant postural element to the blood 
pressure (vide supra), and occasionally other factors such as poor nurse-to-patient 
ratio and lack of familiarity of epidurals by ward staff can sometimes mean patients 
are unnecessarily confined to bed rest whilst an epidural is running.

Neurological damage and death, although rare, still needs to be considered with 
permanent injury occurring in the ratio of 1:24,000–1:54,000 and death/paraplegia 
in 1:50,000–1:140,000 cases.

Finally another area involving epidurals involves the stress response to surgery. 
This is a systemic change following surgery and trauma and involves a number of 
physiological sequelae (Table 6.3).

These effects are magnified by starvation, infection and hypovolaemia. Although 
avoidance of the stress response is seen as desirable, especially within the ER set-
ting, its modification is still, disappointingly, generally of unproven benefit. However 
within ER, efforts are nevertheless made to reduce the stress response by other 
mechanisms and include careful attention to fluid therapy, preoperative carbohy-
drate loading and early enteral feeding.

To date, the majority of data has been collected on patients undergoing tradi-
tional open surgery. Therefore the crucial question is this ‘How much of the above 
in transferable to ER, and in particular to minimal access surgery?’ There are some 
key differences:

Intraoperative cardiopulmonary stresses are greater and effects of block magni-•	
fied during laparoscopic colorectal surgery.

Table 6.3 Stress response 
to surgery

Endocrine activation (pituitary and adrenals)
Increase in cortisol, growth hormone, aldosterone, glucagon, ADH
Sympathetic system activation (epinephrine and norepinephrine)
Reduction in insulin
Metabolic consequences
Protein catabolism, lipolysis, hyperglycaemia, salt and water 

retention
Inflammatory mediator activation
Cytokines, e.g. interleukin-6
Immunosuppression
Reduced cell-mediated immunity
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Steep positioning and pneumoperitoneum can affect block height.•	
Abdominal incision is smaller, transverse and below the umbilicus.•	
There may be shoulder tip pain from laparoscopy.•	
Analgesic requirements at 24 h can usually be addressed with simple analgesics.•	

Although historically a mid-thoracic epidural is viewed almost as a pre-requisite 
in ER, many regard it as unnecessary and even meddlesome, as overall pain relief 
requirements are less compared to open surgery. Moreover, it will not effectively 
treat shoulder pain, may impair mobilisation and adversely affect fluid balance. 
Some have found epidurals to be effective, but there is a growing acceptance that 
this mode of analgesia may simply not be warranted for patients undergoing laparo-
scopic bowel resection.

Other Approaches to Pain Control

If epidurals, once the mainstay of analgesia for open colorectal surgery, have a lesser 
role in minimal access surgery, then other therapeutic options need to be assessed.

Spinal Anaesthesia (Subarachnoid or Intrathecal)

Spinal anaesthesia, whilst having many of the attributes of epidural blockade, is not 
generally extendable into the postoperative period via a catheter as it is a single-shot 
approach. Generally this technique is not suitable for open surgery whereby intensive 
pain relief is required for 48 h or more. However, for minimal access surgery where 
pain relief requirements are modest by the second postoperative day, they are logical 
and we used them with good effect for 23-h stay laparoscopic colectomy [5, 6].

As with epidurals, many use a combination of local anaesthesia (0.5% bupivic-
aine) and an opioid. Diamorphine, which is commonly used in obstetrics, provides 
predictable, safe and effective analgesia in a dose-dependent fashion postopera-
tively. A dose of 0.25 mg, extrapolated from obstetrics, provides analgesia for 7–8 h 
postoperatively [7]. Higher doses extend both the duration of analgesia but also 
opioid-related adverse effects.

Although spinals may produce reduced blood loss, pulmonary thromboemboli 
and a temporary marked reduction in various aspects of the stress response, with 
increase in sympathetic tone to the gut, there are a number of key general differ-
ences compared to epidurals (Table 6.4). In addition, with particular relevance to 
patients undergoing laparoscopic colorectal resection, there are specific differences 
including

Risk of exaggerated cardiovascular changes•	
Risk of high block, particularly during head down positioning•	
Postoperative mobilisation improved•	
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If spinals are to be used for ER patients, especially with laparoscopic surgery 
then patients need at least 20 min for the block to fix prior to be positioned head 
down. From our randomised controlled trial comparing spinals, epidurals or patient-
controlled analgesia (PCA) [8], evidence is accumulating that spinals result in

Pain scores similar to epidurals with both better than PCA•	
Need for vasoconstrictors less than epidurals•	
Better preservation of respiratory compared to PCA•	
Good opioid sparing effects•	
Less postoperative fluids required and thus reduced weight gain than epidurals•	
Urinary catheter removed more quickly than epidurals•	
Reduced length of stay•	

Spinal anaesthesia seems to provide many of the intraoperative advantages of 
epidurals, yet due to their short action, avoid many of the postoperative disadvan-
tages of epidurals, especially hypotension and poor mobilisation. By the time their 
effect is waning, it is reasonable to expect the patient’s analgesia might be catered 
for by simple analgesics.

Other Local Anaesthetic Blocks

Anaesthetists may decide that the central blockade may be unnecessary, but the use 
of local anaesthetic peripherally should always be encouraged. There are a number 
of ways in which this can be achieved.

Transversus Abdominis Plane (TAP) Block

Given that a significant amount of pain from abdominal surgery comes from the 
abdominal wall incision, it is logical to assume that blockade of the neural afferents 
would be an effective method of postoperative analgesia. With TAP block, often 
with ultrasound guidance, local anaesthetic is injected into the neurofascial plane 
between the external oblique and the tranversus abdominis muscle in the  triangle of 

Table 6.4 Comparison of epidurals and spinals

Epidural Spinal

High volume required, e.g. 20–25 mL Low volume, e.g. 3 mL
Catheter inserted: extendable for several days Single shot (only last hours)
Slow onset Rapid onset
May get missed segments Usually very effective
More difficult technique Easier technique
 Identifying epidural space  Simple end point
 Positioning catheter  Higher success rate
 High complication rate  Lower complication rate
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Petit. This can provide effective and reliable block for patients undergoing open 
abdominal surgery, with morphine requirements reduced by nearly 75% [9] in a 
study from Ireland where 32 patients were randomised to receive either PCA or 
TAP block. Another paper from Saudi Arabia reported that 42 patients were ran-
domised to receive either TAP block or nothing, followed by PCA when undergoing 
laparoscopic surgery, also had a marked, albeit less, morphine-sparing effect (50% 
reduction) [10]. This technique is safe and has a promising role in the management 
of pain relief for patients within ER, although there is a recent report of liver dam-
age following attempted ultrasound-guided TAP block [11].

Local Anaesthetic into Incision

Infiltration of the wound site by the surgeon should always be used if local anaes-
thetic has not been used previously. This approach is useful for several hours and can 
reduce early pain scores. A more logical approach is the use of a device to give a 
constant infusion of local anaesthetic into the wound for several days postopera-
tively. The device provides a continuous infusion via an elastomeric reservoir of local 
anaesthetic attached to a multi-holed catheter that lies along the length of the wound. 
It has been used for many types of surgery including thoracic, abdominal and pelvic 
surgery, as well as breast reconstruction and joint replacement surgery. There is some 
success with the device, reducing morphine requirements and pain scores, especially 
in the early postoperative period. One randomised placebo-controlled trial on 310 
patients from Australia undergoing colorectal surgery demonstrated reduced pain 
scores in the first day but no advantage thereafter [12]. A recent meta-analysis of five 
trials with 542 laparotomy wounds confirmed its promise at reducing VAS and opi-
oid consumption but without reducing length of stay or return of bowel function [13]. 
There is little evidence following minimal access surgery but a recent retrospective 
analysis of 38 patients from the United States did show a reduction in morphine use 
and hospital length of stay following laparoscopic renal surgery [14].

In summary, local anaesthetics are fundamental in delivering multi-modal anal-
gesia. There are few patients who are unsuitable for local anaesthesia administered 
by one of the above routes.

Opioids

Strong Opioids

The majority of data relates to morphine. A fundamental prerequisite of analgesia 
is the avoidance of opioids where possible and indeed many studies give as their 
end point the ‘opioid-sparing effect’. Traditionally, many regard the return of bowel 
function to be the rate-limiting factor in reducing length of stay in hospital and the 
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role that morphine consumption has in this process. For example, Cali et al. showed 
a strong correlation in 40 patients between morphine consumption and return of 
bowel function, and in their study, no correlation was demonstrated between mor-
phine consumption and wound length, concluding that efforts should be directed 
more towards diminishing use opioids than attempting to minimise abdominal 
incisions [15].

However, it is probably too simplistic to attribute hospital length of stay to be 
governed solely by the length of ileus as there are probably several other factors as 
well: Indeed it has been demonstrated that whilst epidurals had a marked opioid 
sparing effect and reduced ileus, length of time in hospital was slightly increased in 
the epidural group [16].

The advent of small incision/laparoscopic surgery, in spite of Cali’s paper [15], 
is widely regarded as a big advance in reducing the length of stay and fundamental 
to ER. It is reasonable to expect ER patients to have a reduction in analgesic require-
ments, and so therefore if they do require opioids it will be for a shorter length of 
time and with less concomitant sequelae. Indeed this has been borne out by one of 
the few studies comparing PCA in 38 patients undergoing either laparoscopy or 
traditional laparotomy for bowel resection, with the former group having a more 
rapid hospital discharge. Interestingly bowel movements resumed earlier in the lap-
aroscopic group with no relationship to morphine consumption and return of bowel 
function. Moreover, cumulative morphine consumption during the first two postop-
erative days was similar in both groups [17].

This suggests that morphine is no longer the sole villain within ER programmes. 
The ability of patients to participate successfully within the programme is multifac-
torial and whilst it is reasonable to limit where possible morphine and other strong 
opioids, their moderate use probably has less overall effect on outcome than previ-
ously thought. Furthermore, the reluctance to administer adequate pain relief to 
patients who are in pain is wrong and will not reduce their length of stay.

Weaker Opioids

There are a number of commonly used weaker opioids including codeine and trama-
dol. Codeine is metabolised via several pathways, with morphine as one of the 
metabolites. It is well known to cause constipation but is still a commonly used drug 
when pain requirements are modest. Perhaps a more logical drug is tramadol, which 
not only has agonist activity at m-opioid receptors but also inhibits reuptake of nor-
epinephrine and serotonin. However it still has the expected side effects including 
nausea, vomiting, constipation and dypshoria. It has been used intravenously (includ-
ing PCA), intramuscularly and orally. Generally codeine or tramadol are most useful 
orally with ER programmes after 24 h as pain relief requirements reduce.

A new drug of relevance to the use of opioids is alvimopan, which is a novel 
class of drug. It is a peripherally acting m-opioid receptor antagonist and is 
designed to reverse opioid-induced side effects on the gastrointestinal system 
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without compromising on centrally mediated pain relief. Early studies in its 
use are promising although there is some association with an increased rate of 
 myocardial infarction [18].

Non-steroidal Anti-inflammatory Drugs (NSAIDS)  
and Selective Cyclooxygenase (COX) Type 2 Inhibitors

These drugs play a key role in ER. They have a well-documented opioid-sparing 
effect and are a key component of multi-modal analgesia. Given the cascade of 
activation that occurs following surgery with release of cytokines and prostaglan-
dins via cyclo-oxygenase (COX) activation, the COX inhibitors are logical agents to 
reduce inflammation and pain.

The traditional NSAIDs such as ibuprofen, diclofenac and ketorolac have a marked 
effect in reducing opioid consumption. Chen et al. showed a 30% reduction in opioid 
consumption and some improvement in overall bowel function in 79 patients but over-
all there was no consistent reduction in the length of postoperative ileus, suggesting 
that ileus is multifactorial and not just due to opioid consumption [19].

The selective COX-2 inhibitors have the advantage of a reduction in side effects 
associated with NSAIDs, particularly gastrointestinal side effects. Again there is an 
impressive reduction in opioid consumption – again by about a third – and with 
reduction in ileus [20].

The well-known side effects of NSAIDs are well known and include gastroin-
testinal bleeding, renal dysfunction, increased bleeding and allergies. In particular 
the risk of renal impairment is increased further in those patients with pre-existing 
renal dysfunction, hypovolaemaia and the concomitant use of other nephrotoxic 
drugs. Many units also try to minimise the risk of gastric erosions by the use of 
proton pump inhibitors. Recently reports have arisen from both classes of these 
drugs, suggesting an increase in anastomotic leakage and further work is required 
in this area [21, 22]. Finally although caution is required in the long-term use of 
COX-2 in patients at risk of cardiovascular events, they are probably safe for 
3–5 days postoperatively [23].

In summary these classes of drugs remain an important aspect of multi-modal 
analgesia, but as other non-opioid agents are introduced (see later) their role may 
diminish somewhat. Moreover some have questioned the cost effectiveness of COX-2 
inhibitors, arguing that traditional NSAIDs and paracetamol may be as effective.

Paracetamol

This drug is widely used in almost every multi-modal regime. Although only suit-
able for mild to moderate pain, it is, if correctly used, a safe drug and can be used 
alongside other analgesics. It is an entirely separate agent to the traditional NSAIDs 
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and COX-2, having a central action probably mediated via stimulation of  serotonergic 
pathways within the spinal cord, probably through enhancing the activity of can-
nabinoid receptors [24]. Like the NSAIDs, it has a significant though probably 
lesser opioid-sparing effect, but both drugs are probably superior in combination to 
either drug alone [25, 26]. The advent of intravenous paracetamol has enabled 
patients to receive appropriate dosing in throughout the perioperative period, unaf-
fected by unreliable oral or rectal administration.

Alternative Approaches

There are many alternative approaches to the multi-modal concept of pain control. 
These include i.v. lidocaine, ketamine, oral pregabalin, magnesium, glucocorticoids 
and beta-blockers.

Lidocaine Infusions

Intravenous lidocaine was described over 50 years ago as an analgesic. More 
recently these analgesic properties have been confirmed, as well as anti-inflamma-
tory and anti-hyperalgesic properties. These effects have recently been the subject 
of a meta-analysis [27] from France where eight trials and 161 patients were 
 analysed who had received intravenous lidocaine, compared to 159 control patients. 
There were convincing reductions in pain relief requirements, ileus, PONV and 
length of stay. Another paper evaluated its use for laparoscopic colectomy and dem-
onstrated that opioid consumption was reduced by two-thirds, with improved bowel 
function, less fatigue and a reduced hospital stay with endocrine and metabolic 
responses unchanged [28]. However, more recently the place of lidocaine infusions 
has been questioned in less major surgery. It may be that although i.v. lidocaine has 
significant effects for major and in particular open surgery, this effect may not 
 translate to smaller incision surgery. Overall, though, it is a promising and  
evolving area.

Ketamine

Ketamine, which is an anaesthetic and analgesic agent, at low doses also improves 
analgesia, reduces morphine consumption and PONV with little in the way of attrib-
utable side effects. One of the problems associated with morphine and other opioid 
administration is acute tolerance and delayed hyperalgesia. These effects are medi-
ated by at NMDA glutamate receptors and these effects are blocked by ketamine 
(an NMDA antagonist). The dose and duration of ketamine is still debated but in a 
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recent study, when ketamine was used intraoperatively and postoperatively as an 
infusion for 48 h, the morphine consumption was nearly halved. Although ketamine 
has a number of side effects including sedation, delusions, nightmares and psychi-
atric disorders, these effects were not manifest at low doses of ketamine [29].

Magnesium

Given that ketamine is an NMDA antagonist, it is logical to assume that another antag-
onist at this receptor, extracellular magnesium, would confer some analgesia. This is 
indeed the case but the results are less impressive than with ketamine. Magnesium has 
been administered via a number of routes – intravenously, into the wound, intra- 
articular and epidurally. In addition timing, dose and duration are important in achiev-
ing its effects. Some studies have shown no discernible benefit, whilst some have shown 
some benefit with reduced opioid consumption. In addition it also improves postopera-
tive analgesia in patients undergoing spinal analgesia. Magnesium has a number of 
other effects including muscle weakness and caution is required in its use [30].

Pregabalin

This agent and its developmental precursor, gabapentin, possess analgesic, anti- 
convulsant and anxiolytic effects and are commonly used in chronic pain. Whilst it 
might be expected to prevent the progression of acute pain to chronic pain, a few stud-
ies have found it useful for reduction in postoperative opioid analgesia requirements 
[31], whereas other have found it less useful. Moreover it has numerous side effects 
including sedation and confusion, which will probably limit its place within the ER 
setting [32]. The effects – both beneficial and harmful – may well be related to dose.

Others

Beta-blockers, whilst not analgesics, may be useful in the management of cardio-
vascular sequelae of poorly controlled pain. The POISE trial, a multinational study 
of 8,331 patients, demonstrated however that strokes and death were considerably 
increased in the beta-blocker (metoprolol) group [33], an effect possibly related to 
the dose. Currently, as a universal treatment, their usefulness is unknown and may 
indeed be harmful.

Glucocorticoids (e.g. dexamethasone) are commonly prescribed in the periop-
erative period for its anti-inflammatory and anti-emetic actions. There is some 
 evidence that they reduce analgesic requirements and in addition may, like pregaba-
lin, reduce the progression to chronic pain.
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Table 6.5 (a) Analgesia for first 48 h (including anti-emetics and gastric mucosal protection) for 
both open and laparoscopic surgery

Preoperative medication Postoperative regular medication
Postoperative rescue 
medication

Local anaesthetic Local anaesthetic Tramadol
Open surgery: Epidural 

or TAP block
Open surgery: Epidural infusion or 

continuous wound infiltration
50–100 mg oral or 

intravenously 6 hourly 
(if not receiving it 
already)

Lap. surgery: spinal/TAP 
block/wound  
infiltration

Remifentanil infusion Paracetamol Morphine
1 g oral or intravenously 6 hourly Up to 10 mg intramuscu-

larly or intravenously
Paracetamol Diclofenac Cyclizine
1 g i.v. 15 min prior to 

end of surgery
50 mg oral 8 hourly once eating 25 mg intramuscularly or 

intravenously 6 hourlyOR
Tramadol
50–100 mg oral 6 hourly if  

diclofenac contraindicated
Ondansetron Omeprazole Ondansetron
4 mg prior to end of  

surgery
20 mg oral daily (with diclofenac) 4 mg intravenously  

6 hourly

Table 6.5 (b) Open surgery days 2–4

Regular medication Rescue medication

Paracetamol Tramadol
1 g oral or intravenously 6 hourly 50–100 mg oral or intravenously 6 hourly  

(if not receiving it already)
Diclofenac Morphine
50 mg oral 8 hourly once eating Up to 10 mg intramuscularly or intravenously
Omeprazole Cyclizine
20 mg oral daily (with diclofenac) 25 mg intramuscularly or intravenously 6 hourly
Tramadol Ondansetron
50–100 mg oral 6 hourly if diclofenac is 

contraindicated
4 mg intravenously 6 hourly

Table 6.5 (c) Laparoscopic surgery days 2–4 and open surgery days 5–6

Regular medication

Paracetamol
1 g oral or intravenously 6 hourly
Diclofenac
50 mg oral 8 hourly
Tramadol
50–100 mg oral 6 hourly if diclofenac is contraindicated

Practical Approach to the Management of Pain  
for ER Patients (Table 6.5)
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Summary

Whilst good analgesia is fundamental for all patients undergoing major surgery it is 
not the only objective. For example, if the method chosen results in adverse effects 
(e.g. hypotension) and therefore excess fluid administration (e.g. regional block-
ade), excessive PONV or sedation, then the overall benefit for an ER patients may 
be negligible. Evidence is limited for laparoscopic/small incision surgery and 
extrapolating analgesic regimens from classical open surgery to ER patients may be 
unreliable. Whilst there are a number of promising drugs to add to the concept of 
multi-modal anaesthesia, the regular use of safe simple analgesics is vital. If pain 
control is problematic in the early operative period, the judicious use of morphine 
will almost always be required along with anti-emetics. If patients are to benefit 
fully from an enhanced recovery programme, then they must have regular input 
from a pain team as well as ensuring that the analgesic technique itself does not 
contribute to other problems and ultimately an increased length of stay in hospital.
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   Introduction 

 Enhanced recovery in colorectal cancer was fi rst realised from the work of Kehlet’s 
group at the Hvidovre University Hospital in Denmark in 1995  [  1  ] . An enhanced 
recovery program in colorectal cancer aims to minimise the metabolic and physio-
logical response to surgery and hence hasten recovery and subsequent hospital 
 discharge. The potential advantages of enhanced recovery are not only pertinent to 
the patient and clinician but to health care systems in general, as since shorter 
 hospital stays may lessen costs and allow the treatment of greater numbers of 
patients. In additional a faster return to work and productivity may benefi t econo-
mies in a broader sense. 

 Traditional perioperative management of patients undergoing colorectal resec-
tions would start preoperatively with the institution of a low residue diet  followed 
by full mechanical bowel preparation and a prolonged period of starvation. 
Operations would be performed using long mid-line or paramedian incisions cross-
ing multiple dermatomes. Postoperatively patients would often have nasogastric 
tubes left in situ for a number of days. Large volumes of intravenous  fl uids would 
be given and urinary catheters left in place for prolonged periods. Patients were 
allowed no or little oral intake in the fi rst few days after surgery with only a gradual 
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reintroduction starting with sips of water and slowly building up to diet. Sometimes 
this gradual reintroduction would only be commenced after the patient’s bowels had 
worked. Analgesia was often suboptimal with  subsequent limitation to patients’ 
mobility and respiratory function. The net result of such management was often an 
exaggerated physiological response to trauma. 

 The concept of enhanced recovery for bowel surgery aims to decrease this meta-
bolic response to trauma, hasten return to normal bowel function, facilitate early 
discharge from hospital and return to normal activities. As described in earlier chap-
ters, the key elements of an enhanced recovery programme start preoperatively with 
adequate patient education from both colorectal specialist nurses and where appro-
priate stoma nurses. Mechanical bowel preparation and prolonged preoperative 
starving are avoided and carbohydrate loading is administered. Intraoperatively, 
transverse incisions or laparoscopic incisions are used; epidural analgesia and care-
ful intraoperative fl uid management are necessary. Postoperatively opioid analge-
sics are avoided, early and supplemented nutrition is encouraged and aggressive 
mobilisation and rehabilitation commenced. 

 This chapter focuses on the surgical techniques aimed to facilitate an enhanced 
recovery in colorectal surgery, explores any advantage of laparoscopic surgery and 
suggests how to treat complications that may arise during the patient’s recovery.  

   Components of an Enhanced Recovery Programme 
in Colorectal Surgery 

 The individual importance of separate components of an enhanced recovery pro-
gramme is diffi cult to evaluate and different studies have selected various ele-
ments. Kehlet et al. and the ERAS study group proposed 15 components and Wind 
 [  2  ]  summarised 17 key elements in a systematic review (Table  7.1 ). There is no 
consensus as to the importance of the individual elements of an enhanced recov-
ery programme and which elements are essential to clinical care in an enhanced 
recovery programme. Comparison between studies is diffi cult and different proto-
cols ‘pick and choose’ different elements from a range of components. As a result 
of the large number of elements contained in many enhanced recovery programs 
it is diffi cult to determine which may be omitted without having a detrimental 
effect on the whole program. Table  7.2  outlines an established enhanced recovery 
programme. This chapter focuses on components that are more specifi c to col-
orectal surgery.   

   No Mechanical Bowel Preparation 

 Mechanical bowel preparation for colorectal resections has been one of the tradi-
tional surgical dogmas. The rationale for mechanical bowel preparation is based on 
the belief that this has a protective effect against the consequences of anastomotic 
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leakage and infectious complications. There is now however a range of randomised 
trials  [  3–  11  ] , systemic reviews and meta-analyses  [  12–  17  ]  that support the avoid-
ance of mechanical bowel preparation. Overall these have shown that there is no 
difference in terms of surgical outcome in terms of anastomotic leakage, mortality 
rates, infectious outcomes and need for re-operation between patients who have 
mechanical bowel preparation for colorectal surgery and those who do not. 
Furthermore, as well as being an unpleasant experience, in subgroups of patients 
such as those with renal dysfunction and elderly patients, mechanical bowel prepa-
ration can result in serious complications. These include large fl uid shifts, dehydra-
tion and hypotension under anaesthesia, electrolyte disturbance, acute renal failure 
and in one meta-analysis a higher incidence of postoperative cardiac events  [  13  ] .  

   Stoma Training 

 Additional time, education and preoperative counselling for patients who will 
require a stoma is required. The stoma nurse plays an essential role from the initial 
diagnosis, through treatment and recovery in hospital and at home  [  18,  19  ] . The 
introduction of dummy packs preoperatively enables the patient to become familiar 
with the concept of a stoma and to practice positioning and changing stoma bags. 

   Table 7.1    Components of an enhanced recovery program   

 Enhanced recovery  Rationale 

 1  Preoperative education and stoma 
training 

 Patient education, outlining the program and 
components and expectations for discharge 

 2  Carbohydrate loading preoperatively 
and avoidance of prolonged starving 

 Avoidance of insulin resistance 

 3  Use of preoperative probiotics  Induce favourable gut fl ora 
 4  No mechanical bowel preparation  Avoidance of dehydration and fl uid shifts 
 5  No pre-medication  Minimise effects of anaesthesia 
 6  Goal-directed perioperative fl uid 

administration 
 Avoidance of fl uid overload 

 7  High perioperative O 
2
  concentrations  Maximise O 

2
  delivery to tissues 

 8  Maintenance of normothermia  Avoid deleterious effects of hypothermia on 
body physiology 

 9  Epidural analgesia  Excellent pain control and minimise affects of 
surgery on respiratory function 

 10  Laparoscopic surgery or transverse 
incisions 

 Less postoperative pain and tissue trauma 

 11  Avoidance of nasogastric tubes  Promote gut function 
 12  Avoidance of drains  Avoid effects on mobilisation and less pain 
 13  Avoidance of opioid analgesia  Avoidance of postoperative ileus 
 14  Use of postoperative laxatives  Encourage bowel function 
 15  Early removal of bladder catheter  Encourage mobilisation, allow early discharge 
 16  Enforced early mobilisation  Favourable effects on respiratory function 
 17  Enforced early postoperative oral 

feeding 
 Benefi cial effects on gut recovery and function 
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   Table 7.2    Example of an enhanced recovery program in colorectal surgery (Colchester Hospital 
University NHS Foundation Trust)   

 Day before/after 
surgery  Protocol 

 1 week before  Pre-assessment visit with full counselling, instructions and necessary 
medications given 

 2 days before  Three cartons of Fresubin® (nutritional supplement) through the day 
 Two sennakot (laxative) tablets in evening (left-sided resections only) 

 1 day before  Low-residue diet 
 Three cartons of Fresubin® through day 
 50 mL Infacol® (Simethicone 40 mg/mL) liquid orally in evening 
 40 mg Clexane® (enoxaparin) s.c. as thromboprophylaxis at 6 pm 
 One can of Maxijul® (carbohydrate) drink at 8 pm 
 One can of Maxijul® drink at 10 pm 

 Day of surgery  One can of Maxijul® at 7 am 
 Admission to hospital 
 Thrombo-embolic deterrent stockings 
 Phosphate enema at 7 am (left-sided resections only) 
 Admission to operating theatre 
 Epidural sited 
 Urinary catheter sited 
 Laparoscopic operation 
 Minimal perioperative i.v. fl uid 
 Active perioperative warming with Bair Hugger® 
 No nasogastric drainage 
 Abdominal drains only for surgery within the pelvis 
 Drink in recovery ward 
 Epidural analgesia supplemented with paracetamol 1 g qds 
 Rescue opiate analgesia 
 Minimal postoperative i.v. fl uids 
 Diet started in evening 
 40 mg clexane s.c. at 6 pm 

 Postoperative day 1  Three cartons of Fresubin® throughout day 
 Normal diet as tolerated 
 Abdominal drain removed (if present) 
 Epidural analgesia supplemented with paracetamol 1 g qds 
 Rescue opiate analgesia 
 Enforced mobilisation 
 i.v. fl uids discontinued if patient drinking adequately 
 40 mg clexane® s.c. at 6 pm 

 Postoperative day 2  Urinary catheter removed (except men with prostastic symptoms) 
 Three cartons of Fresubin® throughout day 
 Normal diet as tolerated 
 Epidural analgesia supplemented with paracetamol 1 g qds 
 Rescue opiate analgesia 
 Enforced mobilisation 
 40 mg clexane® s.c. at 6 pm 

 Postoperative day 3  Epidural infusion stopped at 6 am 
 Urinary catheter removed (men with prostatic symptoms) 
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This will provide an opportunity to allay fears and to improve management postop-
eratively. It has been shown that intensive preoperative education of patients with 
regard to stoma management using a combination of DVDs, mannequins and tem-
plates over two sessions can result in the achievement of stoma competency before 
surgery and reduce postoperative hospital stay signifi cantly. 

 Preoperative carbohydrate administration involves the administration of a Malto-
dextran drink to patients the night before (100 g) and the morning of surgery (50 g 
2 h preoperatively). Whilst studies are small, there is evidence that this will promote the 
feeling of well-being in patients by avoiding the period of prolonged fast preopera-
tively. It has also been shown to reduce the insulin resistance that is experienced follow-
ing major operative procedures and to lead to a reduction of length of hospital stay.  

   Goal-Directed Perioperative Fluid Administration 

 Individualised goal-directed therapy aims to avoid perioperative hypovolaemia or 
fl uid overload by the maximisation of fl ow-related haemodynamic parameters. By 
optimising haemodynamic and oxygen transport goals during the perioperative 
period this aims to prevent organ dysfunction, reduce postoperative morbidity, 
reduce unplanned admissions to intensive care facilities and shorten hospital stay 
 [  20  ] . This may even improve long-term outcome in selected patients  [  21  ] . Inadequate 
fl uid replacement can result in organ hypoperfusion, organ dysfunction and bacte-
rial translocation from the GI tract resulting in sepsis. Excessive fl uid overload com-
promises cardiac function and delays the onset of gut function. Intraoperative fl uid 
replacement can be accurately guided by the use of an oesophageal Doppler probe 
against indicators of cardiac output  [  22  ] . This can be very important during laparo-
scopic colorectal surgery as a result of the change in haemodynamic parameters 
both from the pneumoperitoneum and also extremes of tilt in patient positioning. 

Table 7.2 (continued)

 Day before/after 
surgery  Protocol 

 Epidural catheter removed by 12 mid-day if pain is well controlled 
with oral analgesia 

 1 paracetamol qds with rescue opiate analgesia 
 Three cartons of Fresubin® throughout day 
 Normal diet as tolerated 
 Enforced mobilisation 
 40 mg clexane® s.c. at 6 pm 

 Postoperative day 4  Aim for discharge home 
 Paracetamol analgesia with opiate rescue 
 Laxatives if necessary 
 Thrombo-embolic deterrent stockings to be worn for 2 weeks 
 Direct cell phone number of Nurse Practitioner (or on-call Surgical 

Registrar) given for patient to contact if any problems at home 
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Improvements in outcomes in colorectal surgery have been reported in both open 
and laparoscopic series  [  23,   24  ]  with studies showing reduced hospital stay, reduced 
complications and earlier return to gut function with goal-directed therapy in com-
parison to conventional intraoperative fl uid replacement  [  25  ] .  

   High Perioperative O 
2
  Concentrations 

 High perioperative oxygen concentrations aim to increase the tissue oxygen tension in 
the surgical wound and in colorectal anastomoses. A higher tissue oxygen tension may 
improve tissue healing, inducing collagen formation, neovascularisation and oxidative 
killing by neutrophils  [  26,   27  ] . The outcome of clinical trials in surgical patients how-
ever has shown some variable results. However, the majority of studies report a reduc-
tion in the incidence of surgical wound infections in those given perioperative-inspired 
oxygen at 80% when compared to more standard management with inspired oxygen 
concentrations around the 30% mark  [  28–  30  ] ; one study has reported a potential dele-
terious action with a higher wound infection rate  [  31  ]  and others no benefi t  [  32  ] .  

   Maintenance of Normothermia 

 Normothermia relates to maintaining a normal adult temperature between 36.5°C 
and 37.5°C. Patients undergoing colorectal surgery are at risk of developing hypo-
thermia along their surgical pathway. During anaesthesia, core temperature can drop 
to 35°C within the fi rst half-hour of the procedure. This results from exposure of the 
patient during the procedure along with impairment of thermoregulatory mecha-
nisms under general anaesthesia, and anaesthesia-induced peripheral vasodilatation. 
To prevent this, the patient’s temperature should be monitored closely during sur-
gery, fl uid and blood should be warmed with a warming device to 37°C and forced 
air warming devices should be utilised. These practices should continue in the 
recovery room to ensure that on return to the ward the patient is normothermic. 

 Consequences of hypothermia include altered immune response and may result 
in an increase in surgical site infections by triggering thermoregulatory vasocon-
striction with a resultant reduction in tissue oxygen tension  [  33  ] . Warming is impor-
tant in patients undergoing both open surgery with inherent temperature losses from 
an open abdomen, but also in laparoscopic procedures which are recognised to have 
a longer operating time and as such are at the same risk of hypothermia  [  34–  36  ] .  

   Epidural Analgesia 

 Initially epidural analgesia was a core component of an enhanced recovery pro-
gramme. However, more recently with the greater use of laparoscopic surgery and 
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other modes of analgesia such as transversus abdominis plane blocks, its routine use 
for all cases has been questioned. 

 A low thoracic epidural with fi ne bore catheter placed at the level of T9–T10 
with a mixture of opioid and local anaesthetic results in excellent postoperative pain 
control. Other potential benefi ts of epidural analgesia include a faster resolution of 
any postoperative ileus from sympathetic blockade, thus allowing earlier feeding. 
There is also a blunted trauma-mediated neuro-endocrine stress response with 
reduced cortisol and catecholamine release  [  37–  41  ] , although this has not translated 
into a shorter hospital stay. The potential disadvantages of epidural analgesia include 
urinary retention, which may result in delayed catheter removal hindering mobilisa-
tion, and postoperative hypotension due to vasodilatation, which may be diffi cult to 
control simply with intravenous fl uid replacement. If the epidural analgesia is to 
continue in these patients then a decision has to be taken with regard to the potential 
need for vasopressor support  [  42  ] . Worries regarding whether epidural analgesia 
may effect blood fl ow to a colorectal anastomosis and therefore have an infl uence 
on anastomotic healing have not been born out in more recent reviews and meta-
analysis  [  41–  45  ] . 

 Comparison of epidural analgesia with patient-controlled analgesia has tended to 
show improved analgesia with the epidural delivery of opioid  [  41,   46–  48  ] . Others how-
ever have reported equivalent analgesic results with a multimodal regimen of opioid 
and non-steroidal analgesics with a resultant reduction in side effects such as postop-
erative hypotension, high-dependency stay and need for staff interventions  [  49  ] . 

 The role of epidural analgesia in laparoscopic colorectal resections has been 
debated; pain requirements tend to be reduced as a result of the less invasive nature 
of the surgery and the smaller incisions used. However, some authors have reported 
earlier return of normal gut function and eating and as such shorter hospital stays 
with routine use  [  40  ] . More recently the use of transversus abdominis blocks has 
been explored and there is evidence that these reduce postoperative analgesia 
requirement with minimal risk and avoid the rare but serious potential complica-
tions of epidural analgesia  [  50–  52  ] . Similarly the use of intrathecal analgesia has 
been shown to have some advantages over epidural analgesia for patients undergo-
ing laparoscopic colorectal surgery in terms of reduced postoperative pain scores, 
earlier return to mobility and shorter hospital stay.  

   Patient Positioning 

 During laparoscopic procedures extreme tilt is often used throughout the procedure. 
For left-sided and rectal resections, extremes of head down position are frequently 
used to allow positioning of the small bowel and adequate intra-abdominal views of 
the operative fi eld. This can have pronounced infl uences on cardiopulmonary func-
tion as well as cerebral blood fl ow. To aid postoperative recovery, prolonged use of 
such positions can result in both cerebral and occipital oedema and extremes of tilt 
should be kept to a minimum as exposure of the operative fi eld allows. Similarly, 
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abdominal insuffl ation pressures should be kept as low as will allow adequate 
 distension of the abdomen as higher pressures are also recognised to have a deleteri-
ous effect on cardiopulmonary function as well as contributing to increased postop-
erative pain  [  53,   54  ] . 

 Prolonged use of the lithotomy position has been recognised as a cause for post-
operative compartment syndrome, which can result in neurovascular damage and 
permanent disability  [  55  ] . The addition of steep head down tilt to the patient already 
in the lithotomy position increases the risk of postoperative compartment syndrome 
and should therefore be avoided for long duration without periods of rest with res-
toration of blood fl ow to the lower extremities  [  56  ] .  

   Laparoscopic Surgery or Transverse Incisions 

 Avoiding unnecessary trauma and insult is a fundamental principle of an enhanced 
recovery programme. By its very nature laparoscopic surgery reduces the extent of 
surgical trauma with minimally invasive techniques reducing surgical incisions to a 
minimum. This is also achieved with no detriment in the quality of surgery with 
longer-term oncological outcomes from laparoscopic colorectal cancer surgery 
demonstrating at least equivalent results when compared to open colorectal cancer 
surgery  [  57–  63  ] . Studies that compare laparoscopic versus conventional open col-
orectal surgery show a reduced stay in the laparoscopic cohort compared to the open 
group, usually of a couple of days  [  64,   65  ] . Although there is not extensive prospec-
tively randomised data comparing laparoscopic surgery with conventional surgery 
in an enhanced recovery programme, studies have shown that the advantages of 
laparoscopic surgery are maintained compared to conventional surgery with some 
suggesting a survival advantage and lower readmission rate over conventional sur-
gery  [  66–  69  ] . At present there are two multi-center prospective randomised trials 
that aim to strengthen the current evidence within the literature (the LAFA trial – 
laparoscopic and/or fast track multi-modal management and the EnRoL trial – con-
ventional versus laparoscopic surgery for colorectal cancer within an enhanced 
recovery programme)  [  70  ] . 

 It should also be noted that the enhanced recovery from laparoscopic surgery 
results in a quicker discharge from hospital with a faster return to normal activities, 
a quicker return to feeling subjectively fully recovered and resumption of activities 
such as driving  [  66,   71  ] . It is also possible that in the longer term the incidence of 
other morbidities will be reduced including adhesive intestinal obstruction and inci-
sional herniation  [  60  ] . 

 In institutions where laparoscopic surgery is not feasible then, where possible, 
there is good evidence that a transverse incision results in less pain and postopera-
tive analgesic requirement compared with a mid-line incision  [  72–  76  ] . 

 In the case of diffi cult pelvic surgery it is possible to combine the concept of 
laparoscopic surgery and transverse incisions by means of mobilising the splenic 
fl exure and division of the vascular structures laparoscopically followed by the 
 performance of the rectal surgery through a low transverse incision.  
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   Avoidance of Nasogastric Tubes 

 Nasogastric tubes have traditionally been employed after colorectal surgery. Their 
use is intended to hasten gastric emptying, prevent aspiration and pulmonary com-
plications and diminish the risk of anastomotic leakage. Historically nasogastric 
tubes were left in situ until passage of fl atus or faeces. With introduction of laparo-
scopic techniques and less invasive surgery and reduced ileus with a subsequent 
faster return to normal diet the avoidance of nasogastric tubes has been extended to 
both laparoscopic resections and open surgery  [  77  ] . Evidence also shows that their 
use has slowly been reducing  [  78  ] . Moreover a Cochrane meta-analysis has reported 
that routine nasogastric use actually increases the risk of the complications that they 
aim to reduce, namely longer duration of ileus and higher pulmonary complications 
with no protective action on a colorectal anastomosis  [  79  ] .  

   Avoidance of Drains 

 Routine drainage of colorectal anastomosis, in particular rectal, has been conven-
tional practice with the aim to drain any collection or anastomotic leakage. However, 
drains result in discomfort and are a hindrance to early mobilisation. Although there 
is some debate in the literature as to whether drain fl uid can lead to earlier detection 
of an anastomotic leak or reduce the need for re-operation by draining the resulting 
pelvic collection  [  80  ] , there are multiple studies and meta-analyses that have shown 
no advantage to routine abdominal or pelvic drainage for colorectal surgery in terms 
of both morbidity and mortality  [  81–  86  ] .  

   Use of Postoperative Laxatives 

 Laxatives can be used to encourage earlier return of bowel function and reduce the 
incidence of any postoperative ileus. Both oral and per rectal preparations have been 
given with a resulting shortened time to passage of fi rst stool. However this has not 
been shown to hasten oral intake or to shorten time to discharge  [  87,   88  ] .  

   Early Removal of Bladder Catheter 

 Catheters are used routinely in colorectal resections to decompress the bladder dur-
ing surgery and to allow monitoring of urine output. There has been debate regard-
ing timing of removal of urinary catheters post-surgery especially in patients who 
have undergone rectal surgery or those with in-dwelling epidural catheters. The 
more prolonged the urinary drainage continues the higher the risk of urinary tract 
infections. Patients who have undergone rectal resections are reported to have a 
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higher incidence of voiding dysfunction, however studies suggest that the majority 
of patients can tolerate removal of a urinary catheter on the fi rst postoperative day 
 [  89,   90  ] . There have also been concerns regarding removal of urinary catheters 
whilst epidural analgesia is still in-situ as there is a perceived higher rate of urinary 
retention following removal if the epidural is still being used. A couple of studies 
have shown that the urinary catheter can be safely removed on the fi rst postoperative 
day in the majority of patients as long as there are no specifi c contra-indications. 
Early removal is not associated with a higher rate of recatheterisation, and has also 
been shown to reduce the incidence of urinary tract infections and also contribute to 
a shorter hospital stay  [  91,   92  ] .   

   Enhanced Recovery in Rectal Cancer 

 The majority of studies and reports to date have concentrated on enhanced recovery 
programmes in colonic resections or pooled colorectal cases. There are fewer reports 
of such a programme in surgery for rectal cancer  [  93–  96  ]  and these are selected case 
series or cohort studies. In open rectal cancer surgery Liu reported on 73 cases 
reporting a reduction in mean postoperative stay of 4 days associated with a signifi -
cantly reduced complication rate  [  94  ] . Delaney’s group have reported a small series 
with a very short mean hospital stay in patients undergoing a standardised laparo-
scopic resection within an enhanced recovery programme. Thirty-seven patients 
had a mean stay of 3 days with 90% being discharged within 5 days, with a very low 
complication rate of 8% and no anastomotic leaks  [  95  ] . Branagan in a retrospective 
cohort comparison reported reduction in in-patient stays of 4 days, both in patients 
undergoing rectal surgery either by an open or laparoscopic route  [  96  ] . However, 
Chen has cautioned that there was a higher failure in completion of an enhanced 
recovery programme in patients with low rectal lesions  [  97  ] . Taking these prelimi-
nary studies it would appear that a similar return to normal functioning after rectal 
surgery with a concurrent reduction in hospital stay is possible within an enhanced 
recovery programme for rectal surgery as with colonic surgery. Although most stud-
ies have found rectal resections tend to have a longer in-patient stay than colonic 
surgery, Delaney’s group achieved mean hospital stays in a selected cohort similar 
to the shortest reported for colonic surgery.  

   Single-Port Surgery 

 More recently the use of single-incision laparoscopic surgery (SILS) or laparoendo-
scopic single-site surgery (LESS) has been used in selected colorectal resections. To 
date there is only a limited number of cases and reports in the literature describing 
early experiences with the use of SILS  [  98–  101  ] . The aim of single-port surgery is 
to reduce the surgical trauma further, limiting trauma to the abdominal wall and 
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reducing the transparietal ports to just one from the three to six commonly employed 
during laparoscopic colorectal surgery. There are now reports of all common com-
plex colorectal resections being performed entirely through a single umbilical inci-
sion or chosen stoma site. Some small series also report patient recovery in terms of 
hours rather than days and this has caused some authors to question whether a multi-
modal enhanced recovery programme after large bowel resection using single-port 
surgery is even necessary with single-port surgery  [  99,   101,   102  ] . However, the 
techniques required for single-port surgery are still being developed and randomised 
controlled trials comparing single-port surgery to laparoscopic surgery within 
enhanced recovery programmes are required.  

   Benefi ts of Enhanced Recovery Programme 

 There are now a number of meta-analyses that have examined the reported benefi ts 
of an enhanced recovery programme. Given the different methodologies applied 
and potential components as described above there are obvious variation in results. 
The predominant end points that have been analysed include short-term morbidity, 
length of postoperative stay, re-admission rates and mortality. Meta-analyses of ran-
domised trials of more than 1,000 patients now show that both the length of hospital 
stay and complication and morbidity rates are signifi cantly reduced in an enhanced 
recovery group when compared to conventional surgery. No signifi cant difference 
has been shown in terms of re-admission rates or in mortality  [  2,   103–  106  ] . Although 
individual series and studies suggest an additional benefi t of laparoscopic surgery 
within an enhanced recovery programme, the results of larger randomised trials are 
awaited before defi nitive conclusions can be drawn  [  104,   107,   108  ] .  

   Recognising Complications Within an Enhanced 
Recovery Programme 

 As with any operation patients recovering from colorectal resections within an 
enhanced recovery programme are at risk of complications. Recognition is impor-
tant as the earlier the intervention the more likely it will result in a quick and benefi -
cial outcome  [  109  ] . Common complications include nausea and vomiting, 
postoperative ileus, failure to mobilise and also less commonly postoperative haem-
orrhage, anastomotic leak or intra-abdominal collections. 

   Nausea and Vomiting 

 Nausea and/or vomiting are common in all postoperative surgical patients. 
Anaesthetic considerations that help reduce postoperative nausea and vomiting 
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include avoiding nitrous oxide and volatile inhaled anaesthetic agents as well as 
providing supplemental oxygen. However, an enhanced recovery programme aims 
to encourage oral intake within the fi rst few hours of recovery from anaesthesia. A 
proportion of patients will fi nd this diffi cult to tolerate and a regular anti-emetic is 
often enough to allow an adequate oral intake to be commenced. A wide variety of 
anti-emetics with differing mechanisms of action are available to manage postop-
erative nausea. A low-dose 5-HT 

3
  receptor antagonist is often used as fi rst-line man-

agement. If this fails, then addition of dexamethasone or a dopamine antagonist 
would be a suitable second line approach. Use of any other rescue anti-emetic 
should then be from a differing drug class  [  110  ] . If vomiting fails to settle or there 
are other signs such as distension, increased pain or tachycardia then other compli-
cations should be considered.  

   Postoperative Ileus 

 A postoperative ileus following surgery is a common cause for vomiting that fails to 
settle. It has been defi ned as delay in gastrointestinal motility beyond 3 days  [  111  ] . 
A signifi cant component of an enhanced recovery programme is seeking to avoid 
factors that are known to contribute to a postoperative ileus. As noted previously, 
the type of anaesthetic, goal-directed therapy, avoiding over-hydration and electro-
lyte disturbance, limited use of opioid analgesia and early mobilisation all aim to 
minimise the risk of postoperative ileus. 

 However, once ileus is established then oral intake should cease. Exclusion of 
other causes for an ileus such as anastomotic leakage or an intra-abdominal collec-
tion should be considered as well as exclusion of a mechanical obstruction. CT 
scanning is the modality of choice if any diagnostic doubt exists. Treatment then 
includes the passage of a nasogastric tube to decompress the stomach and support 
of hydration with intravenous fl uids. Careful fl uid balance is maintained to prevent 
either dehydration or over-hydration and any related electrolyte disturbance is cor-
rected. If the ileus is prolonged beyond 7 days postoperatively then parenteral nutri-
tion should be considered  [  112  ] . Other adjunct measures that have been used to 
shorten ileus with some reported success include chewing gum, which stimulates 
bowel motility  [  113  ] .  

   Anastomotic Leak 

 Anastomotic leak or intra-abdominal collections are recognised complications of 
colorectal surgery. Although an enhanced recovery programme per se has no effect 
on anastomotic leak rates, anastomotic leaks will occur in approximately 3–15% of 
colorectal resections with the risk increasing the more distal the anastomosis  [  114  ] . 
Other factors known to contribute to an increased risk of anastomotic leak include 
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preoperative use of chemoradiotherapy, infl ammatory bowel disease, operative time 
over 200 min, blood loss of over 200 mL and a serum albumin below 35 g/L  [  115  ] . 
Although an extensive anastomotic leak may result in rapidly progressive signs of 
pyrexia, acute abdominal pain and tenderness it may be that a smaller leak or peri-
anastomotic collection shows somewhat subtler signs. These may manifest signs 
such as a postoperative ileus, a cardiac arrythmia (commonly atrial fi brillation), a 
tachycardia with pyrexia, or simply slow recovery and failure to progress. In these 
cases a high index of suspicion is needed and appropriate investigation with either 
contrast-enhanced CT scanning or a water-soluble contrast enema be performed 
early. Even if CT scanning is reassuring if the clinical condition deteriorates then a 
diagnostic laparoscopy, particularly in patients who have had laparoscopic resec-
tions, is a rapid means of achieving a diagnosis and examining the integrity of the 
anastomosis. Treatment options will depend on the clinical state and extent of any 
leak or collection and will range from percutaneous drainage, laparoscopic irriga-
tion and drainage, defunctioning stomas or Hartmann’s procedure to more extensive 
laparotomy or laparostomy in the most severe cases of faecal peritonitis. 

 One frequently expressed concern is with a shorter length of stay is whether an 
anastomotic leak will present after discharge from hospital at home with disastrous 
consequences. In the authors’ experience, within an enhanced recovery programme, 
the faster return of normal gastrointestinal function results in the signs of an anasto-
motic leak becoming apparent at an earlier stage than classically quoted and usually 
present on the second to third postoperative day. In the vast majority of patients, 
complications are identifi ed long before plans for discharge are made. As part of 
continued care once discharged home, instructions are given to make immediate 
contact with one of the enhanced recovery nurses if the patient has any concerns.   

   Conclusions 

 There is now extensive evidence that enhanced recovery programmes benefi t the 
recovery of colorectal patients, clinicians and health care systems. A well-run pro-
gramme reduces the physiological response to the tissue insult from surgery and as a 
result there is less postoperative pain, fewer complications, a shorter hospital stay 
and faster recovery and return to work. Although the case for laparoscopic surgery 
remains to be proven explicitly, the attendant advantages that minimal access surgery 
brings and the reduced tissue trauma inherent to this approach would seem to make 
it an ideal partner for an enhanced recovery programme in colorectal surgery.      
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   Introduction 

 The subject of this chapter is one of the most debated topics at meetings and confer-
ences, with novice teams frequently requesting advice on how to get started with 
enhanced recovery (ER). The initiative usually begins through the enthusiasm of a 
clinical champion, who should then form a steering group of key stakeholders to 
oversee the introduction of ER. This group will also be responsible for the creation 
of a robust business case to ensure that there is appropriate management and fi nan-
cial backing for the venture. Creation of a new care pathway and associated litera-
ture should then follow, together with development of a suitable audit of outcomes 
or monitoring of the new pathway. Education of professional colleagues, patients, 
relatives and carers is essential to the success of the programme and it is important 
to begin with a pilot to test the concept. Once the new pathway has been tested and 
monitored, the next phase is to embed the protocols as standard practice and to 
refi ne and publicise the programme as necessary. 

 Discussions with expert sites, and follow-up studies with novice groups, have 
highlighted a number of hurdles that must be negotiated in the adoption of ER. 
This chapter presents some specifi c techniques that facilitate change management 
and then covers all the above issues, in addition troubleshooting and how one over-
comes barriers is also reviewed.  
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   Principles of Change Management 

 Health care, like most other industries, resonates to the sound of the latest manage-
ment technique that promises to deliver improvement. One might become cynical 
regarding these instructions as many people regard the introduction of change as 
intuitive. It is however not well done by all and it is worth refl ecting on some key 
principles that help major transitions occur successfully and avoid missed opportu-
nities. We look at three examples of a management techniques: the plan-do-study-
act (PDSA) cycle, work published by John P. Kotter  [  1  ]  on change management and 
the concept of ‘action learning’. 

 The origins of the humble PDSA cycle (Fig.  8.1 ) originated in 1620 and are 
credited to Francis Bacon. The concept was popularised by Dr Edwards Deming in 
the mid-1900s in order to allow improvement to occur without the paralysis that 
may accompany change due to fears that the outcome will be wrong. Although other 
techniques are perhaps more in vogue now, this concept is simple to understand and 
useful to ‘kick-start’ the process of change.  

 John P Kotter from the Harvard Business School, spent time analysing success 
and failure throughout the world when companies try to make fundamental change in 
how they do business. He published eight key steps in a transformation strategy  [  1  ] :

    1.    Establishing of a sense of urgency – One might interpret this with respect to ER 
care as the need to grasp a major opportunity to improve patient care.  

    2.    Forming a powerful guiding coalition – This step ensures that the group leading 
the change has the necessary infl uence and tools to achieve it.  

    3.    Creating a vision – Can we deliver a vision that is clear and impressive enough 
to motivate the team who will deliver it?  

  Fig. 8.1    The PDSA Cycle           
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    4.    Communicating the vision – We will touch on this later in the chapter but the 
important issue is that communication has to be repeated numerous times to dif-
ferent members/groups of staff, and often repeatedly to the same staff.  

    5.    Empowering others to act on the vision – Solutions will come from any member of 
the team irrespective of their position in the ‘hierarchy’ and encouraging this team 
approach forms a powerfully motivated group. One also has to recognise that there 
will be certain people who might wish to impede the process of change, consciously 
or not, and their infl uence needs to be considered and dealt with appropriately.  

    6.    Planning for and creating short-tem wins – The identifi cation of success in the 
change process is important and needs to be celebrated to maintain momentum  

    7.    Consolidating improvements and producing still more change – As success dem-
onstrates the system is producing results, it is important to harness the momen-
tum and complete the process.  

    8.    Institutionalising the new approach – There may be temporary staff who guided 
the process of change and they, along with the new approaches, need to be per-
manently incorporated within the organisation to ensure leadership continues 
and succession occurs.     

 Action learning is a process developed by the physicist Reginald Revans in the 
1940s. When working for the government in coal production he encouraged manag-
ers to meet and share experiences by asking questions regarding the new methods 
they heard about. This approach produced a radical improvement in productivity 
and spread to other organisations such as hospitals. Like many visionaries this 
brought confl ict from the establishment as conventional lecture techniques were 
favoured by the educational institutions. Action learning is now commonplace in 
industry throughout the world. Instead of traditional teaching methods which focus 
on the presentation of information a group will pose questions to their colleagues 
that allow solutions to be developed in a process that incorporates refl ection and 
problem solving. We have found this helpful in local problem-solving meetings 
when development is reviewed and the issues that seem insoluble are addressed. 
Some authorities have recommended the use of facilitators or coaches to guide 
group development but that is not mandatory.  

   Forming a Steering Group 

 The adoption of enhanced recovery should ideally be consultant led  [  2  ] , with sur-
geons and anaesthetists taking the initiative. These clinical leaders must be able to 
present the evidence for change in a positive and inspirational manner. Another key 
to success is the formation of a steering group to ensure that a comprehensive path-
way is developed and aligned to local needs. This group should include:

   Surgeon  • 
  Anaesthetist  • 
  Service manager  • 
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  Senior ward staff  • 
  Pre-assessment staff  • 
  Specialist nurse consultant (such as colorectal specialist nurse)  • 
  Pain team representative  • 
  Physiotherapist  • 
  Nutritionist  • 
  Occupational therapist  • 
  Social care team representative  • 
  Primary care representative  • 
  Patient representative  • 
  ER facilitator    • 

 It is essential that this group takes into consideration the needs of all stakeholders 
(including commissioners and other organisations or teams that collaborate or com-
pete with the group). Groups that have experience of implementing ER in a rela-
tively short timescale emphasise the importance of close cooperation between all 
the relevant departments and professions  [  3  ] . 

 The role of the ER facilitator is to take the outcomes of the steering group and 
ensure that they are put into practice. Depending on the local circumstances, the 
facilitator could be a new, fi xed term appointment specifi cally to introduce ER, or a 
secondment/re-grading for existing staff on a full or part-time basis (see Chap.   9     for 
more details). 

 The main aims of the steering group are:

   To evaluate the existing care pathway with respect to the established ER elements  • 
  Agree on the aspects of the care pathway that need to change  • 
  Create a business case to support any required investment or re-allocation of • 
resources for change  
  Identify the potential barriers to change  • 
  Form an action plan to transform the care pathway  • 
  Agree on outcome measures to record that will provide clear information on • 
progress (or lack of it)  
  Suggest methods to increase awareness of the new care pathway within the • 
organisation/wider team  
  Act as role models and inspire colleagues to adopt change    • 

 A series of operational groups should be formed to implement the changes sug-
gested by the steering group. These groups will be linked to each aspect of the care 
pathway re-design. For example, if the steering group has identifi ed a need to alter 
the information provided to patients before admission, a pre-assessment sub-group 
should be formed to ensure that this is implemented effectively. The ER facilitator 
should act as the link between each sub-group and report progress back to the steer-
ing group. Other sub-groups might be concerned with pain control, the provision of 
appropriate documentation and creation of an optimal environment for ER care. 
Most expert centres that have developed ER care have changed the ward  environment 
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by creating a dining area and, where possible, a lounge too. This encourages patients 
to be a more active participants in their recovery, walking to their meals rather than 
passively receiving them, trapped in their bed. 

 It is vital to have wider involvement with groups that may infl uence the care 
pathway. Optimising the patient’s condition prior to admission for surgery is key 
and good relationships and information sharing with primary care and social care 
services is essential to ensure the success of ER. In addition to representation of 
these stakeholders on the steering group, awareness and education events must be 
scheduled before the programme is piloted. Formal seminars, informal social events 
and use of conventional and new media (such as local newspapers, DVDs, websites 
and blogs) can all be used to promote the new initiative. 

 The attitudes of team members have important implications for the success of the 
programme so it is essential that any reservations or reluctance are overcome before 
patients are recruited  [  2  ] .  

   Writing a Business Case 

 Short-term investment may be needed to change the pathway (e.g. to employ an ER 
facilitator or project manager), to cover training for new skills (e.g. exercise test-
ing), to purchase additional equipment (such as oesophageal Doppler and probes) 
and to fund awareness events and other educational opportunities. 

 Areas relating to referral that may require increased investment (dependant upon 
the existing situation locally) are optimising the health of the patient prior to admis-
sion and management of existing co-morbidities (such as diabetes, anaemia). 
Additional investment may also be related to pre-admission to support the promo-
tion of informed decision-making, preoperative health and risk assessment and pre-
operative therapy instruction (e.g. stoma care, physiotherapy). The immediate 
preoperative period may require additional support to allow carbohydrate loading 
and increased investment for intra-operative factors should cover minimal access 
surgery, use of regional or local anaesthetic, epidural anaesthetic or spinal blocks 
and individualised goal-directed fl uid therapy. In the postoperative period, addi-
tional support may be needed for rapid hydration and nourishment, pain team man-
agement and other intensive therapy support (e.g. stoma care, physiotherapy). 
Finally, further resources could be allocated to the postdischarge period to cover 
telephone follow-up if that is deemed desirable. 

 These changes should see the following quality improvements:

   Better medical outcomes  • 
  Reduced complications and decreased demand on ITU/HDU  • 
  Improvements in patient satisfaction (through optimal management of • 
expectations)  
  Multi-disciplinary team working    • 
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 In addition to the following productivity improvements:

   Appropriate length of stay results in improved effi ciency  • 
  Capacity will be released and activity may be increased    • 

 Note that ER may not necessarily result in cost savings, depending on the exist-
ing situation prior to implementing change  [  4  ] . Apart from the necessity to identify 
an ER facilitator, which may require investment if a reallocation of someone is not 
possible, most changes necessary to develop ER can be resource neutral if one looks 
critically at what is required, and takes advice from other centres. As the majority of 
patients leaving hospital in this programme also appear better than they used to be 
at discharge after conventional care, the concept that there will be increased health 
care requirements in the community is likely to be false. The concept that ER care 
reduces postoperative complications has been supported to date by the literature  [  5  ]  
but the number of patients studied is no more than 1,000. Further results will be 
keenly awaited to confi rm that ER outside pioneering centres reduces complications 
and does not impact negatively on primary care.  

   Creation of a Care Pathway and Associated Literature 

 One of the key functions of the steering group is to create a new care pathway. 
This document should cover all aspects of patient care from admission to discharge, 
and be completed by the whole multi-professional team, with sections for patient 
comments or notes. Whilst it is possible to create a new pathway from scratch, many 
teams have found it helpful to adapt an existing pathway from another centre. As the 
pathway develops, or is amended, the ER facilitator relates the progress to each sub-
group so that they can consider the impact on their own protocols and documenta-
tion. Examples of existing care pathways can be found at:   http://www.dh.gov.uk/en/
Healthcare/Electivecare/Enhancedrecovery/DH_115706     

 When considering the logistics of implementing the new pathway some thought 
must be given to covering absences of key staff and continuation of the pathway 
over weekends. Indeed, the fi rst group to implement ER found that there was a 
marked, negative effect on the programme when the members of the research team 
were absent  [  6  ] .  

   Setting Up an Audit of Outcomes and Monitoring 
the New Pathway 

 It is essential, when making changes to patient care pathways, that appropriate mon-
itoring systems are in place to measure the effectiveness of these changes. Provided 
the correct aspects are measured, data entered correctly and monitored regularly, it 
will be possible for the steering group to gauge the success of the new protocol. 
In addition, any aspects that are not performing correctly can be picked up and 
 corrective action taken. The Enhanced Recovery After Surgery (ERAS) Study 

http://www.dh.gov.uk/en/Healthcare/Electivecare/Enhancedrecovery/DH_115706
http://www.dh.gov.uk/en/Healthcare/Electivecare/Enhancedrecovery/DH_115706
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Group has undertaken a prospective audit in 1,035 patients, over a 3.5-year period 
and found that morbidity and mortality rates were lower for this cohort than previ-
ously published data for the same centres (prior to introduction of ER). Recording 
of compliance with the ER elements throughout the pathway enabled them to detect 
deviation from the protocol and to consider reasons for this variation  [  7  ] . 

 As part of the ER Partnership Programme, a database has been developed for 
monitoring new ER sites/teams  [  8  ] . This consists of compulsory and optional fi elds 
covering demographics, admission details, patient experience, readmission, compli-
ance with specifi c ER elements, complications, risk adjusters, postoperative mor-
bidity score (POMS) and physiological and operative severity score for enumeration 
of mortality and morbidity (POSSUM). 

 The steering group should identify one individual with responsibility for data 
entry (usually the ER facilitator), who will report back to the group and take respon-
sibility for instituting any suggested adjustments to the pathway.  

   Education 

 Several authors have stated the importance of increasing awareness and enthusiasm 
in all staff groups who will be working with the ER protocol  [  2,   9  ] . Education of 
colleagues is therefore a vital aspect for implementation of the programme. Many 
basic resources explaining the key elements of ER are now available on-line and 
some experienced sites provide courses or seminars. Comparison of the content 
between the various courses has yielded a series of key learning objectives  [  10  ] :

   Provide an overview to key principles of ER  • 
  Emphasise pre-admission patient education and patient experience  • 
  Outline the importance of preoperative optimisation of the patient  • 
  Describe the anaesthetic aspects of ER  • 
  Explain options for postoperative pain management  • 
  Recount the impact of ER on ward nursing  • 
  Describe roles of colorectal specialist nurse, stoma care practitioner, dietician • 
and physiotherapist in relation to ER  
  Together with their ER team, create short-term action plan for ER adoption    • 

 In addition to covering the above content, seminars at experienced centres pro-
vide a forum for discussion and informal advice, which is often invaluable to the 
novice group. 

 It is strongly recommended that a centre wishing to commence ER care take a 
multidisciplinary group to one of the training courses run on this subject. It is essen-
tial that education is delivered by a multidisciplinary faculty as different subspecial-
ists are much more receptive to lectures from within their own specialty than those 
from others (Fig.  8.2 ). An example of this is the diffi culty that certain clinicians have 
come across when they intrude on areas that are traditionally considered to be the 
preserve of other specialists, e.g., the exhortations by surgeons that an anaesthetist 
might consider changing the way they treat postoperative pain, or alter the type or 
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volume of fl uid given to patients! Such interactions can be acrimonious ‘turf’ wars 
that are counter-productive (Fig.  8.3 ), but with enlightened change management the 
transition can be both hastened and made less confrontational. The other advantage 
of a well-run multidisciplinary course is that all levels of staff being trained have the 
opportunity to see the ‘experts’ being questioned in front of their peers and normally 
by the end of the course contentious areas will have been thoroughly explored.   

  Fig. 8.2    Refl ections on 
multidisciplinary working       

  Fig. 8.3    Courtesy of Jonathan 
Pugh       

 



1398 Setting Up an Enhanced Recovery Programme

 There will need to be a comprehensive programme of in-house education for 
local staff, which is tailored to the specifi c pathway and protocols that have been 
developed by the steering group. This education programme must take into account 
staff turnover and the need to re-educate at regular intervals  [  11  ] . The ER facilitator 
should take responsibility for delivery of this in-house teaching programme and 
must therefore have the necessary skills and abilities for this aspect of their role. 

 The importance of patient and relative (or carer) education cannot be over-
emphasised. Indeed there is much evidence that setting realistic expectations and 
giving the patient ownership of their recovery has a positive impact on health out-
comes  [  2  ] . There is a wealth of resources available on-line together with a range of 
video and DVD materials  [  12  ]  that can explain the typical patient journey within an 
ERP. Inclusion of the relatives and carers will also ensure that the patient is well 
prepared and positive for their surgery and subsequent recovery. Planning for dis-
charge in the pre-admission clinic and early exploration of medical or social factors 
that may hinder recovery should ensure better adherence to the pathway.  

   Embedding the New Care Pathway 

 It is essential that the steering group set out a clear set of expectations as the path-
way is adopted and consider how best to select patients. Another key factor for suc-
cess is having clearly defi ned discharge criteria, such as the ability to tolerate solid 
food, return to preoperative mobility and good pain management with oral analgesia 
 [  13  ] . Any refi nements to the protocols resulting from initial experience should be 
put in place and further awareness and education events organised. Audit and moni-
toring of the outcomes must continue, with ongoing meetings of the steering group 
to assess progress and ensure safety and quality elements are being met. Any bottle-
necks in the system (such as issues around early mobilisation and oral nutrition or 
introduction of epidural anaesthesia) must be tackled. The ongoing need to encour-
age the whole multidisciplinary team to adopt this change should not be underesti-
mated  [  9  ] .  

   Overcoming Barriers and Troubleshooting 

 A follow-up survey of 23 novice ER groups, who had previously attended an intro-
ductory seminar at Yeovil District Hospital, found that only 35% had subsequently 
implemented an ER pathway  [  10  ] . Further exploration of the reasons for the lack of 
progress highlighted a series of barriers to change that mirror the published evi-
dence on the subject. These barriers can be broken down into three types: social, 
professional and organisational  [  14  ] . 

 Examples of social barriers are where staff are uncomfortable when the new 
protocol requires them to change their normal routine and important local opinion 
leaders have a negative infl uence on behaviour (either due to disagreement with 
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evidence base or obsolete knowledge). Other issues may arise when patients, or 
their relatives, expect a conventional type of care and this can often be tackled via 
positive reports in local press and other media. In addition, current training pro-
grammes, such as higher surgical training or nurse training courses may not include 
ER as best practice and the new protocols may not be advocated by national organi-
sations, industry, etc. Half of the novice groups followed up after the Yeovil course 
said that absence of a key member of staff or opinion leader was the main reason that 
the programme had stalled. Other articles have stressed the importance of the whole 
multidisciplinary team working together to improve patient management  [  2,   9  ] . 

 Barriers relating to the professional context could be when staff may feel that 
results from literature could not be replicated in their own workplace or the overload 
of clinical evidence may cause diffi culties with decision making. Specifi c staff 
groups tend to raise professional issues and present barriers to the adoption of ER:

   Consultant anaesthetists and surgeons  • 
  Senior management  • 
  Nursing staff    • 

 The anaesthetist has control over many vital aspects of the ER pathway and must 
move from an ‘anonymous technician in the operating theatre’, to becoming a ‘vis-
ible perioperative medical specialist’ outside theatre  [  2  ] . It is essential that the key 
anaesthetic elements are agreed upon and an appropriate anaesthetic care pathway 
is developed, with implementation monitored. 

 Many centres report initial diffi culties with convincing their surgical colleagues 
to adopt ER with the typical reasons for reluctance being  [  2,   15  ] :

   Pressure of existing workload, need to meet cancer targets  • 
  ER will increase risk of complications and readmissions  • 
  Some patients do not want to have a short hospital stay  • 
  Wards do not have the resources to support ER  • 
  Risk of increased burden on primary care when patients discharged too soon  • 
  Individuals are unconvinced by the available evidence base.    • 

 Thus it is important that a clinical champion and senior management provide 
support and evidence to refute each of these incorrect assumptions, so that ER is 
accepted as the optimal standard of care in colorectal surgery. 

 Restrictions in fi nances and logistical support can cripple the implementation of 
a new programme. Senior hospital managers must be convinced of the need for 
change and the likely benefi ts so that they can support the clinical champion, ER 
steering group and co-ordinator to implement the new programme. 

 It is often diffi cult to convince nursing staff of the benefi ts of change when the 
new care pathway appears to go against the existing culture of care. In addition, 
time pressures and lack of staff are often mentioned as inhibitors to adoption of a 
new programme. Any inconsistencies in opinion or practice from senior medical 
staff will create confusion and uncertainty for nursing staff on the ward. This lack 
of confi dence in the care pathway will ultimately be transferred to the patient. 
Involving key nursing staff in the steering group and having strong leadership from 
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the clinical champion and ER facilitator can counteract most of the issues raised 
above. Provision of adequate resources by senior management will also overcome 
inadequate staff numbers or other resources. 

 Organisational barriers to change include fi nancial constraints (e.g. silo funding 
for specifi c aspects related to ER), pressure of work, staff shortages, ineffi cient audit 
of performance or lack of other resources. There may also be a perception of poten-
tial liability such as risks of increased complaints due to high readmission rates or 
an increased burden on primary care. Finally, there are the perceived expectations of 
patients; perhaps they are expecting traditional care pathways and we are unsure of 
the impact of ER on relatives or carers. Of the centres followed up after the Yeovil 
courses, 72% indicated that lack of resources, fi nancial or administrative support 
impeded their adoption of ER  [  10  ] . 

 Many centres have attempted to adopt ER by gradually incorporating certain ele-
ments or involving various disciplines. This can often lead to disillusionment when 
improvements in patient outcome are diffi cult to discern. A better approach is to 
formulate a comprehensive care pathway, involving a steering group, which repre-
sents all members of the multidisciplinary team, with a planned audit of results. 

 Finally, the importance of ensuring that the ward environment is conducive to an 
ER programme should not be underestimated. Important aspects of ER such as post-
operative mobilisation and encouraging patient independence, with supported 
access to food and self-care facilities require a rehabilitation unit environment. 
Steps should be taken, where physically and fi nancially possible, to create a patient-
friendly environment which supports ER  [  16  ] .  

   Summary 

 This chapter has highlighted the main elements required for success in adoption of 
ER care and discussed how to get started, step by step. Strong clinical leadership, 
good multiprofessional collaboration and involvement of all key stakeholders are all 
vital. Testing and subsequent embedding of the new pathway, together with promo-
tion and educational events, have been described. Groups intending to set out on this 
journey should be aware of the potential barriers to change and take steps to tackle 
these issues at an early stage. 
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Introduction

The key to ensuring successful implementation of enhanced recovery is engage-
ment, commitment and involvement of the multidisciplinary team across the local 
health community. Enhanced recovery (ER) will fail without teamwork and the role 
of the ER facilitator is paramount to the success of the programme [1]. The ER 
facilitator must have access to all the key members of the team and be able to con-
vince reluctant colleagues of the importance of change. Since this ER programme 
crosses all areas of the patient journey, the facilitator will need to have a good under-
standing of the issues related to each aspect of care. The role of the facilitator is not 
to give the care at each patient episode but to oversee the programme and ensure that 
it is carried out in each department.

Developing the Role

This is the responsibility of the ER steering board, which will be aware of the  current 
skills mix within the existing team and of individuals who would be suitable to take 
on this additional role. The board will need to consider whether this should be a new 
appointment, a secondment or a full or part-time change of role or responsibility. If 
the person is well known in the organisation this can also be a useful attribute, 
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although not essential. The facilitator needs to work across the multidisciplinary 
team and be involved in all areas of patient care [1]. Appendix 9.1 provides a sample 
job description.

Line management for an ER facilitator should involve a person that can reflect 
the multidisciplinary nature of the role, for example the service manager for sur-
gery. Should this person be someone without a nursing background, there is also a 
requirement for line management from a senior nurse for accountability for the 
nursing aspect of the work.

Once the appointment process is complete, the new ER facilitator may need to 
undertake some professional development to help them in their new role. Attendance 
at study days or seminars, run at various expert sites across the UK, is often very 
helpful and many ER teams prefer to attend such courses together, ensuring a level-
playing field of knowledge [1, 2]. It is essential that each team member has a good 
understanding of the involvement of their colleagues within the team and the ER 
facilitator can help to promote this. Experienced teams may welcome observers for 
a short period of time, so that a new ER facilitator can see an ER pathway in action. 
There are also a range of resources available to assist with pathway development, 
patient information and data collection [3].

Identifying individuals to work with from each speciality, outpatients, physio-
therapy, dietetics, pharmacy, the ward, theatres, pain team, etc. is essential. Each 
individual must be prepared to adopt the necessary changes to their protocols [4, 5]. 
The hospital management must be supportive as the co-operation of the bed manag-
ers for example is essential (both to adopt the concept of admission on the day of 
surgery and postoperative placement of the patients onto a specific surgical ward).

The ER facilitator needs to have a full understanding of the programme and be 
able to answer a variety of questions with confidence. This is essential if they are to 
gain the support of their colleagues.

Getting Started

In units where there are more than one colorectal surgeon, it is extremely helpful if 
all the consultants agree to have their patients managed in the same way; this applies 
pre-, peri- and postoperatively. Enlisting the co-operation of all the consultants to 
sign up to the same protocols will ensure that the programme will be more success-
ful, as all the other members of the team are working towards the same end [4]. This 
is also true for the consultant anaesthetists who are responsible for the patients, and 
having a written protocol also helps in training junior colleagues. The role of the ER 
facilitator is extremely important to ensure all this is put in place. In theory with 
evidence-based medicine, enforcing this practice should not be difficult. However 
in practice, streamlining everyone’s practice is probably the hardest aspect to 
achieve. The rolling out of the programme will not succeed if this is not considered 
seriously.
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In the early stages, regular ER team meetings are essential to ensure that any 
issues are resolved and potential problems can be dealt with. Initially this could be 
on a monthly basis, changing the day of the week to ensure everyone can attend.

The ER facilitator will be responsible for creation of the patient documentation 
taking advice from all members of the multidisciplinary team. This will include the 
pathway and any documentation that the patient requires as part of their care. There 
should be an agreed time frame for this to be updated and reviewed. It should all be 
passed through the patient public information governance committee before it is 
circulated amongst patients. Once this has been agreed, it is useful to pilot the 
paperwork and gain some feedback before agreeing on the final documentation.

Utilising patient information, guidelines and pathways from other trusts is 
actively encouraged to try to alleviate the ‘reinventing the wheel’ scenario [3]. Most 
National Health Scheme (NHS) trusts are happy to share their documentation, but 
individuals should always get their explicit permission to avoid any conflict in the 
future or accusations of plagiarism.

Managing patient expectations of their hospital stay is often quoted as an essen-
tial factor in the success of an ER programme. One key aspect to get this right is 
written and verbal patient information about the ER pathway. Giving patients’ own-
ership of their recovery is very empowering and this positive mental attitude will 
have a beneficial effect on their postoperative rehabilitation [6].

Patients should only be discharged once they meet clearly defined criteria:

Managing well with oral painkillers•	
Tolerating a normal diet•	
Able to mobilise well and undertake normal activities•	
Managing their stoma independently (if applicable)•	

The discharge information must include 24/7 phone details for a senior member 
of the ER team, together with clear details on when to contact the team for support. 
The important factor here is to discuss with the patient how they should feel and 
give them sufficient written information to back this up. One of the simplest ways 
of doing this is to tell the patient that each day they should get better and better; if 
they feel worse then they should contact the surgical team. Realistically most 
patients that go home on day 4 or 5 are well, those who are going to develop an 
anastomotic leak are usually not well from day 2 and in general they are not “quite 
right” and therefore will not meet the discharge criteria in a shorter time frame.

Each ER team will investigate the best way of ensuring 24/7 contact; this could 
be via a mobile phone that is primarily carried by a senior member of the ER team, 
preferably the facilitator. In this case the facilitator should have an overview and be 
familiar with the patient.

There are a variety of ways that the ER phone can be managed, for example it can 
be held by the ER facilitator during the day and passed to the on-call surgical regis-
trar out of hours. Other establishments may have the facilitator hold the phone from 
Monday to Friday and then pass to the on call team at the weekend. If this is the case 
they have to ensure that, if they are not being paid to hold the phone out of hours, 
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they are covered to give information to patients in time that they are not actually at 
work. This can be addressed by adding it to their job description and therefore they 
are covered by vicarious liability. The person holding the phone must know what 
questions to ask and what to do with the information received. Trying to discern 
whether a patient has a urinary tract infection or an anastomotic leak is important, 
as you do not want the patient to be re-admitted unless it is absolutely necessary. On 
the other hand, you do not want to miss the signs of an anastomotic leak and reas-
sure the patient that they are fine when in fact they are not.

Establishing an area or ward space where the patient can be assessed by a senior 
person in a short space of time can be problematic and it is worth doing the home-
work in advance [7]. The number of times that this facility will be used will be mini-
mal, in which case it may be acceptable to use the emergency and assessment ward 
triage area. Another alternative is to identify a treatment room on the ward that they 
have been discharged from. Cultivating a good working relationship with bed man-
agers may also help as they will quickly be able to identify a bed space that you can 
use for a short period of time, whilst you are assessing the patient. It cannot be 
emphasised at this point that if you have a robust discharge plan in place, the times 
that you will need to use this facility will be minimal. However, if the patients are 
unwell they need to be reviewed promptly by a senior member of the emergency 
team; this should be agreed by all the surgical consultants and passed onto the 
registrars.

Another aspect of the role is to ensure that liaison is carried out with primary 
care. This is important both prior to the admission for surgery and post-discharge. It 
is essential to allay any fears that primary care may have regarding early discharge 
and managing complications. It is important to stress that the ER team would much 
prefer direct contact with the patient should problems arise between discharge and 
follow-up. Once you have all the systems in place, before you roll out the pro-
gramme, it is useful to invite local GPs, practice nurses and district nurses to an 
information event, taking this opportunity to share with them your aspirations and 
what you are hoping to achieve and more importantly what you would like them to 
assist you with.

Once you have run the programme for 6 months or so, it is useful to invite them 
for another event to share the results with them. This helps to bridge the gap between 
primary and secondary care and also gives each side the opportunity to share any 
concerns they may have.

Managing Care

Outpatient Clinic

Patients are given a substantial amount of information at the outpatient clinic; usu-
ally all they will remember is the diagnosis and that they need an operation. Often 
the next question is how long will I spend in hospital; this is the appropriate time to 
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introduce the concept of the ER. Very little of the information will be retained, so 
backing it up with written information is important. They can then read this later on 
and have a better opportunity to digest the information. The programme will be 
reinforced at each stage of their journey. Meeting the ER facilitator may be appro-
priate at this stage or the specialist nurse dealing with them may be able to deliver 
the information. The consultant should also mention the concept of ER whilst dis-
cussing all aspects of their forthcoming surgery.

Preadmission Clinic

Setting up a preadmission service, or streamlining one that is already in place can 
be one of the first serious tasks to initiate. Admission on the day of surgery will only 
be successful if a thorough and comprehensive preadmission is carried out and must 
involve all members of the MDT [3].

Timing of preadmission can be difficult. The current fashion is for everyone to 
go straight to preadmission once it has been determined that they need surgery. In 
reality this is neither practical nor feasible. Certainly for major surgery, patients 
may have just been told that they have cancer and need an operation. This is all the 
information they can take onboard and need to go away and share it with other 
members of their family or friends. They need time to start to formulate all the ques-
tions that they wish to have answered.

Inviting them back for a preadmission at a pre-determined time is often better for 
everyone, but primarily this has the patient’s best interests at heart; they will also 
have the opportunity to invite a partner, relative or carer to come with them.

Clearly it is not possible for the ER facilitator to deliver every aspect of the pro-
gramme, therefore the preadmission staff should be fully informed about the pro-
gramme and be able to deliver this information to the patient [1–5]. They should 
have access to the facilitator if the patients have questions that they cannot answer. 
The information that they are given verbally at this time should be backed up by 
written information. The patient should also have the contact details of the ER facil-
itator should they have questions once they have left the hospital.

It is also useful to try and time preadmission clinics when the consultant anaes-
thetist is available to see the patient. This in practice can be problematic, but there 
are a number of ways around the problem. If the preadmission area is geographi-
cally close to the theatre suite, then the anaesthetist may be able to come and see 
the patient. Often there is a floating anaesthetist who will cover whilst they go and 
see the patient. If this is not possible, the patient can be asked to wait for a little 
while until the anaesthetist is available and this time can be used to cover all the 
other aspects of preadmission as well as having bloods taken, spriometry, ECG etc. 
If they are unable to wait, or need a more in-depth consultation, then it may be 
appropriate to book them a separate anaesthetic appointment. Those patients who 
are obviously unfit should be referred and seen by the anaesthetist prior to coming 
to preadmission.
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Day of Surgery Admission

In the ideal situation for day of surgery admission is a purpose built area that is 
staffed Monday to Friday from 7 a.m. to 4 p.m., and is closed at weekends. This is 
beneficial to the hospital as it saves money on staffing out of hours, and is beneficial 
to the staff as they only work during the week and on an early shift.

The patient should come into the hospital at 7 a.m. and the final documentation 
completed before they leave the ward for theatre at 8 a.m. The number of beds pro-
vided by the admission area will depend on the number of theatres requiring the 
service. It is only important to have the first patient for each list in a bed and there 
must be a good system in place to replenish the beds as they go to theatre.

A room should also be available where the anaesthetists and the surgeon can see 
and consent the subsequent patients on the list, if this has not been done already.

Another option is that you can have trolleys in the admission ward and the 
patients that are able walk to theatre with an escort and are placed in a bed once they 
get to theatre or a holding bay if there is one available.

The bed managers must have a working knowledge of the number of elective 
admissions expected. This will enable them to plan ahead and allocate beds in the 
appropriate ward.

Other hospitals have a 5-day stay ward where the beds are ring-fenced for elec-
tive surgery. In this instance, someone needs to be responsible for mapping the 
patients through the available beds on a weekly basis. This is often multi-speciality 
and can be complex to arrange, however with coordination from all the various 
specialities it is a feasible and workable option. Those patients who will obviously 
require a longer than a 5-day stay (or need to stay over the weekend) will need to be 
accommodated on the appropriate long stay ward.

Surgery

The ER facilitator must have a good working knowledge of what happens to the 
patient in the theatre. The theatre team are primarily involved with the surgery but 
should have a working knowledge of what an ER programme entails. It is not essen-
tial that they come to all meetings as the time the patient spends in theatre will not 
change dramatically as long as laparoscopic or minimal access surgery is already 
used. If this is not the case, and if the organisation is introducing laparoscopy, this 
is indeed a very substantial piece of work to undertake. It may be appropriate to 
undertake the change in surgical intervention first and think about the implementa-
tion of an ER programme at a later stage.

Recovery

It is often perceived that many patients will require ITU or HDU facilities after 
surgery, however in reality this is rarely the case [1, 5]. A better option for the 
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patient is transfer to the recovery room and for them to spend an extended time there 
before transfer back to the ward. This can be anything from 2 to 4 h to ensure that 
the patient is stable and pain free before return to the ward. All patients should be 
offered something to drink to encourage oral fluid intake and then the intravenous 
fluids may be discontinued if appropriate.

Postoperative Recovery

The patients should go back to a specific ward area that has a complete understand-
ing of all the postoperative aspects of ER. Having flow charts and protocols (see 
Appendix 9. 2 for examples) that are agreed by all members of the MDT is essential 
at this point. These should be part of the patient care pathway or can be laminated 
and placed at the end of the patient’s bed. The immediate postoperative period is 
fraught with problems trying to ensure that patients do not get given too much intra-
venous fluid. Treating low blood pressure in patients with epidurals for example is 
a complex issue, and in some extreme circumstances the patient may have to be 
transferred to HDU for the administration of vasoconstrictors to correct the physi-
ological response of the epidural [5, 8].

The patient should be seen by the surgical team at least twice a day and this will 
include the ER facilitator. The morning ward round determines the plan of care for 
the day (this should be reinforcing the protocol) and the afternoon ward round 
should ensure that all the morning plans have been successfully completed, review 
the blood tests and determine the fluid regime for the next 12 h. It can be helpful if 
the patients are cared for by separate teams and the ward round becomes a generic 
elective colorectal ward round where all patients are seen by the same team. This 
helps to streamline the care and ensure that each patient receives the same standard 
of care based upon the same principles [1, 4, 5].

The date for discharge will have been planned with the patient in preadmission 
and, providing the surgery went as planned and there have been no postoperative 
complications, this is the date that everyone works to.

On discharge the patient will be given written information that will address some 
of their questions and most importantly they will be given the mobile number of the 
facilitator, so they have a way back into the system should this be required.

Data Collection

The ER facilitator will be responsible for data collection of outcomes and compli-
ance to ER elements. This is essential as it will inform you as to the success or 
failure of the programme [1, 5, 9]. It is also important to involve the patients in this 
process also.

Patient involvement can be in the form of telephone follow-ups on the day after 
discharge or by completion of patient satisfaction questionnaires or patient diaries. 
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This should encompass their view of the service and how it was delivered, what they 
felt good about, what they disliked, what they felt could be improved, etc. This is 
essential and is part of the quality of the patient experience, which should be at the 
centre of all aspects of patient care.

Evaluation of the ER Programme

The collection of data will also allow you to evaluate the programme and identify 
areas that can be improved. This is very valuable feedback to the clinical team and 
is also a good benchmarking exercise, assisting with the provision of services and 
planning work for the next financial year.

Appendix 9.1: Sample Job Description for Enhanced 
Recovery Facilitator

Title

Enhanced Recovery Nurse

Grade

Band 7

Key Relationships

Line Manager, Matron, Ward Sisters and Ward staff, Consultants & Teams, 
Anaesthetists, Physiotherapists, Occupational Therapist, Acute Pain Team, POA, 
Admissions, Surgical Site Infection Nurse, Enhanced Recovery Nurses from other 
specialities, Consultant Secretaries, Outpatients, Theatres staff, Business Manager, 
Social Worker, Pharmacist, Patient’s & Relatives.

Job Summary

The post holder will be responsible for:

Developing the role of the Enhanced Recovery Nurse, caring for patients under-•	
going elective surgical procedures.
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To manage the care of the patients in the Enhanced Recovery Programme.•	
To develop training programmes for Ward Staff and other disciplines in the •	
Enhanced Recovery Programme.

Main Duties and Responsibilities

Clinical Practice and Practice Development

 1. The post holder will create and sustain key relationships with the Multi 
Disciplinary Team, (MDT) the Primary Healthcare professionals and social 
care to support the interface between primary and secondary services and pro-
vide expertise regarding the management of surgical procedures and the needs 
of patient’s pre and post operatively.

 2. Identify patients that may have the correct criteria for the Enhanced Recovery 
Programme and promote appropriate timely referral to the MDT, Primary 
Healthcare Professionals and liaise with other health and social care providers to 
promote high standards in discharge planning and remapping patient pathways.

 3. To work consistently and autonomously as a clinical expert in the post of 
Enhanced Recovery Nurse.

 4. To undertake assessment of patients cared for in the Enhanced Recovery 
Programme, to ensure their suitability and that all potential risks are identified 
and managed.

 5. Provide accurate written and verbal information for patients and relatives pre 
operatively and promote health education.

 6. Liaise with other health care professionals, documenting the ongoing care 
requirements and communicating any changes.

 7. Ensure good communication both written and verbal between all members of 
the multi disciplinary team, patients and relatives.

 8. Be a point of contact/professional liaison for all the members of the multi dis-
ciplinary team.

 9. Be a patient advocate.
 10. Ensure accurate and comprehensive patient records are kept and that all mem-

bers of the multidisciplinary team are using the correct documentation.
 11. Ensure patients receive all the relevant information, appointment and discharge 

documentation on discharge. Provide a telephone follow up service once dis-
charged, be able to provide effective telephone post-operative advice.

 12. Demonstrate appropriate behaviour in stressful and difficult situations. Support 
junior members of staff encountering difficult situations.

 13. Maintain and encourage high standards of practice, challenging those who do 
not. Ensure corrective action is taken.

 14. Promote evidence-based decision-making.
 15. Demonstrate counseling skills for patients and relatives, being supportive when 

they receive bad news.
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Service Development and Management

 1. Actively support the implementation of the Enhanced Recovery Programme to 
improve patient care.

 2. Assist in the development of protocols and pathways, which are evidence based 
to manage the assessment and treatment of patients on the Enhanced Recovery 
Programme.

 3. Provide expert advice to Senior Nurses, Consultants and the MDT to secure 
quality improvements within the organization and across boundaries.

 4. Prepare and write regular reports on the outcomes of the Enhanced Recovery 
Programme for presentation to the Division.

 5. Maintain a database for all patients on the Enhanced Recovery Programme.
 6. Participate in presentations in the Trust and for outside organisations in the 

Enhanced Recovery Programme.
 7. Keep up to date with developments in the service, introducing new ideas to 

improve patient care.
 8. Develop some understanding of the commissioning process to support and 

inform service redesign across the local health economy.
 9. Attend relevant meetings providing information as requested.

Research and Audit

 1. Ensure care being provided is evidence based
 2. Develop relevant audits to support the development of the Enhanced Recovery 

Programme and implement recommendations to ensure sustainability of the 
service.

 3. Monitor standard of care being delivered. Research and lead on improvements of 
care.

 4. Audit outcomes of the Enhanced Recovery Programme, benchmarking other 
Trusts undertaking the Enhanced Recovery Programme.

 5. Implement and maintain Surgical Site Infection Surveillance as determined by 
the Health Protection Agency, liaising with the Trust Surgical Site Infection 
Nurse.

Professional/Education and Training Role

 1. To promote the role of the Enhanced Recovery Nurse in the Trust.
 2. To act as a role model and provide leadership to junior staff.
 3. Provide guidance and act as a resource for members of staff, supporting and 

motivating them.
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 4. Provide day-to-day guidance for nursing and junior medical staff.
 5. Formulate a training programme for nursing and junior medical staff. Promote an 

active learning environment.
 6. Actively participate in appraisals, identifying training requirements and main-

taining competencies.
 7. Adhere to the NMC Code of Conduct and Trust Policies.

Financial Responsibility

 1. Be aware of financial constraints and savings programmes.
 2. Promote cost saving initiatives.
 3. Consider financial implications when prescribing and implementing treatments.

Risk Management

 1. In conjunction with the MDT, set and review standards, protocols and proce-
dures, ensuring remedial action taken if standards fall below acceptable level.

 2. Adhere to Trust policy by facilitating and using clinical risk evaluation and inci-
dent reporting.

 3. Take responsibility to resolve or remove risk where possible, notifying and work-
ing with Manager when not possible.

Note

The duties and responsibilities outlined in this job description although comprehen-
sive are not definitive and you may be required to perform other duties at the request 
of your manager.

This job description is designed to reflect duties currently incorporated in this 
post. These may change in the light of changes in the service provided by the Trust. 
Any such changes will be fully discussed with the post holder.

Person Specification Form

Job title: Enhanced Recovery
Grade: Band 7
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Factors Essential requirements Desirable requirements

Qualifications •	First	level	RGN •		Independent	nurse	
prescriber

•	Mentorship	&	Preceptorship	or	ENB	998 •		Degree	in	nursing	or	
working towards•	Good	written	and	spoken	English

•	IT	skills
•		Evidence	of	continued	Professional	

development
Knowledge •		Extensive	current	working	and	theoretical	

knowledge of surgical nursing
Experience •		Three	years	senior	nurse	experience	in	

surgical nursing
•		Experience	of	presenting	to	

groups of staff
•	Experience	of	managing	a	team	of	nurses •	Experience	of	counselling
•		Experience	of	research	and	implementation	

of new practices
•		Experience	of	Nurse	Led	

Clinics
•		Experience	of	developing	and	writing	

integrated care pathways
•	Nurse	led	discharges
•	Working	in	the	community

Skills and 
ability

•	Effective	communication	skills •		Previous	experience	of	
undertaking audits

•	Good	leadership	qualities •		Evidence	of	leading	change	
management

•	Experience	of	teaching •		Implementation	of	new	
ways of working

•	Experience	in	change	management
•		Able	to	work	autonomously	and	as	part	of	a	

team
•	Ability	to	write	reports
•	Ability	to	work	across	boundaries
•		Ability	to	cope	with	stress	and	work	under	

pressure
•	Works	under	own	initiative
•	Car	driver

Personal 
qualities

•	Motivated
•	Approachable
•	Good	interpersonal	skills
•	Organised
•	Calm	&	objective
•		Open	to	change	with	the	ability	to	adapt	to	

rapidly changing environments
•		Able	to	update	and	manage	own	

development
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Appendix 9.2: Sample Flow Charts and Protocols

Bowel prep as protocol

Morning list

Review by MDT Review by MDT

Diet and fluids
4 high protein drinks

Until 6 h pre-op

Early light breakfast 
07:00 h/ 6 h prior to surgery

Clear fluids 11:30/ 2 h prior to surgery

Clear fluids
2 h prior to surgery

Then NBM

Diet and fluids
4 high protein drinks

Until midnight

Afternoon list

Fig. A.9.1 Enhanced recovery programme day of admission

Return to ward

Oral intake

If nausea and 
vomiting persist

contact RegistrarUrine output
0.5 ml/kg averaged over 4 h
Accurate fluid balance chart

Urine output <0.5 ml/kg/4 h
Contact Registrar

PM List
Nurse in sitting position

AM List
Sit in chair for 2 h

Mobilisation

Nausea and vomiting
Give PRN Ondansetron

NBM 2 h
recommence diet and fluids

Observations
As per epidural protocol

Commence QDS paracetamol
TDS cyclizine if epidural in progress

Able to tolerate
Encourge 100 ml oral fluids

High protein x2__nprmal diet

Fig. A.9.2 Enhanced recovery programme day of surgery
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Unable to pass urine
Recatherise after clinical

examination/ bladder scan
Review by medical term

AM day 2

IV Fluids
Discontinue IV fluids 08:00 h,

venflon to remain insitu whilst epidural insitu
Accurate fluid chart

Pain control
continue regular paracetamol/ anti-emetic

Obs as per epidural protocol

Education
Stoma care (if applicable)

Continue education re enhanced recovery

Nutrition
Commence normal diet

Encourage 2,000 ml oral fluids 
4 x protein drinks

document food and supplement intake

Remove urinary catheter 06:00 h
0.5/ml/kg/ averaged overv 4 h
Accurate fluid balance chart

If anterior resection
TWOC day 2

Nausea and Vomiting
Give PRN anti-emetic

NMBM 2 h
Recommence diet and fluids

Nausea and Vomiting
continues

Contract registrar
Recommence IV fluids

Fig. A.9.3 Postoperative day 1

Nutrition
Normal diet

4 x high protein drinks and 2,000 ml oral fluids
Document food and supplement intake

Mobilisation
Walk x 4 during day

out of bed total 8 h during day

Urine output
If recatheterised day 1
review by medical team

re TWOC

If Anterior resection
TWOC 06.00 h

Urine output 0.5 ml/kg/
Averaged over 4 h

Education
Reminder of programme
Stoma care (if applicable)

Observations
4 hrly obs

Pain scores
Accurate fluid balance chart

Pain control 
Stop Epidural 08:00 h/ obdurate line

Give dihydrocodeine on stopping epidural
Regular paracetamol

Fig. A.9.4 Postoperative day 2
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Pain Control

Regular Paractamol

PRN dihydrocodin

Observations

obs 4 hrly

Pain Score

Fluid balance chart

Nutrition

Normal diet

2,000 ml oral fluids and 4 high protein drinks

Document food intake and supplements

Mobilisation

walks x 4 daily 

out of bed for total 8 h during day

Education

Disuss discharge plan

Give discharge information sheet

Fig. A.9.5 Postoperative day 3

Inadequate pain control
following stopping of epidural

Ensure oral analgesia has
been given

 
if yes, recommence epidural

Epidural ineffective
 

Stop epidural commence PRN Oxynorm
10 mg 2 – 4 hrlyFig. A.9.6 Postoperative pain 

control



158 J.P.B. Hendricks and F. Carter

References

1. Evans J, Kennedy RH. Enhanced recovery after surgery, chapter 12. In: Kingsnorth AN, Bowley 
DM, editors. Fundamentals of surgical practice: a preparation guide for the MRCS intercolle-
giate exam. 3rd ed. Cambridge: Cambridge University Press; 2011.

2. Carter F. Achieving widespread adoption of colorectal enhanced recovery in England: learning 
from the current UK centres. Discussion document for enhanced recovery partnership pro-
gramme, July 2009. http://www.enhancedrecoveryhub/2112.html. Accessed 4 May 2011.

3. On-line resources to support spread and adoption of enhanced recovery provided by the UK 
Department of Health. http://www.dh.gov.uk/en/Healthcare/Electivecare/Enhancedrecovery/
DH_115706

4. Kehlet H, Wilmore DW. Surgical care – how can new evidence be applied to clinical practice. 
Colorectal Dis. 2010;12(1):2–4.

5. Maessen J, Dejong CH, Hausel J, Nygren J, Lassen K, Andersen J, et al. A protocol is not 
enough to implement an enhanced recovery programme. Br J Surg. 2007;94:224–31.

6. Khoo CK, Vickery CJ, Forsyth N, Vinall NS, Eyre-Brook IA. A prospective randomized con-
trolled trial of multimodal perioperative management protocol in patients undergoing elective 
colorectal resection for cancer. Ann Surg. 2007;245(6):867–72.

7. Pattison R. The effect of ward design on the well being of post-operative patients. J Adv Nurs. 
1996;23:820–6.

8. Polle SW, Wind J, Fuhring J, Hofland J, Gouma DJ, Bemelman WA. Implementation of a fast-
track perioperative care programme: what are the difficulties? Dig Surg. 2007;24:441–9.

9. Jottard KJC, Van Berlo C, Jeuken L, Dejong C. Changes in outcome during implementation of 
a fast-track colonic surgery project in a university-affiliated general teaching hospital. 
Advantages reached with ERAS over a 1-year period. Dig Surg. 2008;25:335–8.

http://www.enhancedrecoveryhub/2112.html
http://www.dh.gov.uk/en/Healthcare/Electivecare/Enhancedrecovery/DH_115706
http://www.dh.gov.uk/en/Healthcare/Electivecare/Enhancedrecovery/DH_115706


159N. Francis et al. (eds.), Manual of Fast Track Recovery for Colorectal Surgery, 
Enhanced Recovery, DOI 10.1007/978-0-85729-953-6_10, 
© Springer-Verlag London Limited 2012

Introduction

Enhanced recovery (ER) after surgery programmes should succeed in improving the 
quality of care and reducing the length of stay for the majority of patients undergo-
ing colorectal surgery. A minority of patients however are perceived to fail by these 
measures and it is in these patients that we see some of the challenges and limita-
tions faced by ER programmes.

The success or failure of an ER programme should be defined not on the terms 
of the clinician, nurse, bed manager or accountant (although these are all impor-
tant), but ultimately on the patient’s terms. The individual patient’s understanding, 
expectations, anxieties and physical function all need to be addressed in an ER pro-
gramme. The focus on ‘success’ in ER should therefore move away from the speed 
of discharge and be directed more towards the quality of care and the recovery from 
the patient’s perspective.

Measuring Success and Failure in ER

For discussion purposes, the success and failure of ER are examined in this chapter 
under the following measures:

Outcome measures such as length of stay, readmission and complications•	
Functional recovery and patient satisfaction•	
Compliance with or deviation from the ER protocol•	
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Outcome Measures in ER

Up to date, four systematic reviews on the outcome measures of ER following bowel 
resection have supported the use of ER over traditional post-operative care in terms 
of a shorter post-operative length of stay, lower complication rates and acceptable 
readmission rates [1–4].

The original ER programme as described by Kehlet resulted in a reduction of 
median post-operative length of stay following open colonic resection to 2 days [5]. 
Since then other institutions and collaborating groups have found practical difficul-
ties in reproducing such excellent results with some quoting instead a median post-
operative stay following open surgery of 5 days [6]. There can be several reasons to 
account for these differences. The original Kehlet paper was a feasibility study 
examining a small group of 60 partly selected patients undergoing segmental colec-
tomy with transverse incisions and epidural analgesia and who were deemed fit for 
planned discharge 2 days after surgery so that there was no delay in their functional 
recovery. In contrast, subsequent studies have examined non-selected patients 
undergoing more extensive open resections including anterior resection with trans-
verse or midline incisions with or without epidural. The Enhanced Recovery After 
Surgery (ERAS) collaboration group [6] examined such a heterogeneous group of 
425 patients (that included more extensive resections but who also had epidural 
analgesia) and demonstrated that discharge occurred at a median of 5 days post-
operatively. Nevertheless, a median LOS of 5 days for all elective colorectal resec-
tion should be considered a success, considering the national median LOS across 
England was 9 days in 2009 according to the National Bowel Cancer Audit 
Programme (NBOCP 2009).

Comparable mortality rates but significant reductions in post-operative morbidi-
ties have been documented in systematic reviews comparing conventional post-
operative care to the ER protocol [1–4]. Furthermore, these differences can be 
demonstrated upon the introduction of an ER protocol to a non-established unit [7]. 
It is currently not clear which combinations of the ER components (early enteral 
nutrition, early mobilisation, epidural, opiate-sparing analgesia or a restrictive intra-
venous fluid policy) derive maximum benefit for the individual patient with their 
own co-morbidities. Until such a time, the best chances of success in terms of low 
mortality and morbidity appear to come by applying the complete ER protocol.

Functional Recovery and Patient Satisfaction in ER

Functional recovery can be measured by either gastrointestinal (GI) function, patient 
mobility score or health-related quality of life assessment tools. GI function has been 
shown to return to normality significantly quicker using ER. This is variously attrib-
uted to early oral nutrition, the use of epidural and or opioid sparing analgesia and 
early mobilisation [8–10]. A restrictive fluids policy has a similar positive effect [11]. 
Although gastrointestinal function shows a quicker functional recovery  following 
laparoscopic surgery [12, 13] and when laparoscopic surgery is combined with ER [14] 
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the benefits to date are not clear when laparoscopic surgery is compared to ER [15, 16]. 
Similarly, it is difficult to demonstrate a clear benefit of laparoscopic ER over open 
ER in terms of patient’s physical functional recovery (mobilisation) for the small 
study sizes conducted to date [16].

A systematic review [17] was carried out to address whether early discharge 
within ER had any deleterious effect on quality of life and patient satisfaction in 
comparison to conventional recovery. Given the limited available data to date (only 
ten small studies), ER does not adversely influence quality of life or psychomotor 
functions such as sleep quality, pain and fatigue levels after surgery. Moreover, there 
is some evidence that fatigue and pain may be less in the early post-operative period 
when ER pathways are used. Patients appear to be equally satisfied with ER and 
conventional recovery.

Compliance in ER

Within the framework set out by the ERAS collaboration group and more recently by 
the Enhanced Recovery Partnership programme in the UK carried out by the Department 
of Health, ER can be considered to consist of 16–21 different component steps. It is not 
known which of these component steps have the biggest impact on the individual 
patient with their own individual problems. It is well accepted that the ultimate success 
of the programme relies on adopting as many elements of the pathway and a piecemeal 
adoption usually results in a failure of the programme [18]. In a large prospective obser-
vational study of more than 900 colorectal patients within ER, a significant association 
between improved protocol adherence and post-operative outcome was demonstrated. 
Furthermore, patients with high compliance to ER protocol had 25% lower post- 
operative complication rate and 50% lower risk of post-operative symptoms delaying 
discharge. The study also showed a dose–response relationship between adherence to 
the ER protocol and improved surgical outcome. Nearly all pre-operative ER elements 
influenced the post-operative outcome but intravenous fluid management and pre-oper-
ative carbohydrate intake were the major independent predictors of outcome.

Massen et al. [6] conducted a multi-centre study within the ERAS group that 
showed a high compliance with pre-operative and operative measures but low com-
pliance of post-operative measures. ER was established in all centres that contrib-
uted in this study, accounting for high compliance with pre- and intra-operative 
elements. This was reinforced by their finding that the factors most strongly associ-
ated with protocol compliance were familiarity of the patients and organisations 
with ER and previous exposure to fast track concepts (hazard ratio 2.28). The post-
operative elements, such as early mobilisation and feeding, withdrawal of intrave-
nous fluid and epidural analgesia had a compliance rate of only 40–50%. A similar 
result has also been shown in the Yeovil study, examining 385 cases who underwent 
laparoscopic colorectal resections within the ER programme with approximately 
60% compliance of post-operative variables [19]. It could be argued that the post-
operative variables of the ER are in fact an end product or the outcome of pre- and 
intra-operative elements of the ER pathway.
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In institutions where ER is embedded in their normal practice, there must be 
other reasons for failure to comply with the post-operative elements. Hence, the 
term ‘compliance’ with post-operative elements of ER is rather a misnomer, and it 
should be addressed as a ‘deviation’ from the pathway.

Deviations in the Post-operative Enhanced Recovery Pathway

In the Yeovil study [19, 20], specifically addressing post-operative deviation from ER 
pathway, ER deviations were noted in 159 out of 385 patients (41.3%). This has 
resulted in prolonged LOS (more than one week) in only 90 patients (23.3%). 
Deviations due to continuation of intravenous fluids occurred in 117 (30.3%), epidural 
failure in 92 patients (24%), failure to mobilise in 65 patients (17%), development of 
ileus in 42 patients (11%), re-catheterise in 38 pateints (10%). On multi-variate analy-
sis, deviation from the post-operative elements of ER appears to be the most signifi-
cant in terms of association with delayed discharge. Interestingly, patient factors 
appear not to influence delayed discharge. Univariate analysis identified operative 
time > 5 hours and blood loss > 500ml as being associated with delayed discharge, but 
they were not significant predictors in multivariate analysis, due to the overwhelming 
influence of the post-operative factors [21] Also, it was noticed that failure of ER was 
noticed to result from several deviations of the pathway, while patients who deviated 
in one or two post-operative variables were still likely to be discharged within the 
median LOS in 80% of cases [20].

Causes of Deviation in ER

Patients who may deviate in the post-operative recovery in ER can be classified into 
two main categories:

 1. Deviation due to surgical or medical complications
 2. Deviation in patients who have no complications

 1. Deviation due to surgical complications: Although the emphasis of ER is focused 
on preventing post-operative medical complication by early mobilisation, ER 
does not preclude surgical complications such as anastomotic dehiscence, bleed-
ing or mechanical bowel obstruction. In fact, ER may facilitate the early detec-
tion of surgical complications by exacerbating a secondary ileus or an early 
obstruction in patients intolerant of early feeding. Deviation from an ER protocol 
can therefore be a valuable early warning sign for complications. Part of the 
problem, particularly with laparoscopic surgery, is that complications can present 
in an insidious manner and remain undiagnosed until a late stage when life-
threatening sequelae such as septic shock develop. In this regard, deviation from 
the ER protocol at an early stage, in terms of intolerance of oral intake or 
 unexpected poor mobility, become a very valuable early warning sign towards 
early detection and management of complications.
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 2. Deviation in patients with no complications: Deviation in the post-operative ER 
pathway in patients with no complications may present as: (1) impaired functional 
recovery and or (2) ileus. Both these factors are consequent to the physiological 
response to surgical trauma. They may also be consequent to or compounded by 
medical or surgical complications. Hence the diagnosis of this category should be 
made after excluding complications in general especially technical problems.

Prediction of Deviations in Enhanced Recovery

The concept of studying prediction of deviation in ER at the pre-operative stage is 
valid to allow a modified pathway be put in place for these patients. This, however, 
remains a challenge due to the multifactorial elements of ER.

Several predictive factors for ER deviation have been identified by uni- and 
multi-variate analyses including ASA III or IV, prior abdominal surgery, obesity, 
nutritional status, surgeon experience and case load. On analysing the intra-opera-
tive factors that predict length of post-operative stay at Yeovil, total operative time 
and a blood loss were significant predictors on uni-variant analysis [21].

Benign colorectal diseases (such as diverticular disease, Crohn’s disease) and 
conversion to open and pre-operative haemoglobin level were predictors of devia-
tion from the ER pathway and prolonged length of stay [22]. Deviation from the 
post-operative elements of ER appears to be the most significant in terms of associa-
tion with delayed discharge [20] A score for predicting delayed discharge at 48 
hours post-operatively is currently under evaluation at Yeovil.

Signs of Early Deviation from ER

If pre-operative prediction of the success or failure of ER is proven to be difficult, 
vigilance of the early signs and symptoms of deviation is essential. In the UK, the 
National Patient Safety Agency has reviewed the circumstances behind missed 
complications [23]. Importantly, their observations lead to the conclusion that in 
addition to standard post-operative monitoring and early warning scores, a patient 
safety checklist should occur during the second 12-h period after surgery and that 
this should determine the presence of the following symptoms and signs:

Abdominal pain needing opiate analgesia•	
Anorexia or reluctance to drink•	
Reluctance to mobilise•	
Nausea•	
Vomiting•	
Tachycardia•	
Abdominal tenderness•	
Abdominal distension•	
Poor urine output•	
Cardiac arrhythmia•	
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Recognising these factors is key to identifying complications at an early stage 
and is a key attribute of an experienced ER team. On their own, the risk factors for 
ER deviation are not a reason for withdrawal from an ER pathway but need to be 
taken into account and consideration given to tailor the pathway to the patient.

Hence, ER deviation can represent a valuable albeit non-specific warning sign in 
post-operative care, providing an opportunity to detect complications or an impaired 
functional capacity and to take remedial action at an early stage.

Late Deviation from ER

Deviation from the ER protocol at a later stage can be an equally important indicator 
for intervention. If a patient fails to meet target discharge criteria, this can provide an 
opportunity for further review to exclude a late medical or surgical complication. The 
majority of such patients have made an uncomplicated recovery but due to fatigue or 
frailty they failed to make a full functional recovery to be discharged. In these instances, 
the ER team should have already planned for such an eventuality and have in place a 
plan and facility for ongoing care (such as a step down or rehabilitation ward). The 
socio-economic class may influence the level of support after discharge from hospital; 
hence there may be some variations in adhering to strict discharge criteria in certain 
parts of the country and from the UK to different European health systems.

Equally, following discharge, there should be a local protocol with criteria and a 
point of contact for the discharged patient to contact the ER team in the event of 
encountering problems. Alternatively, the ER team may choose to follow-up the 
discharged patient by telephone review.

Failure in Enhanced Recovery

As it has been stated earlier, deviation from the ER pathway does not necessarily 
mean a failure of ER and in fact it has been shown that majority of patients who 
deviate in one or two elements still make a good recovery and are discharge within 
6 days [20].

ER failure seems to result from multiple failures in the pathway, and those 
patients are usually withdrawn from the ER pathway and a more tailored programme 
is established.

The underlying factors that may lead to ER failure will be examined in this chapter 
under four categories with some case scenarios in each:

 1. Physiological
 2. Surgical
 3. Anaesthetic
 4. Implementation.
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Physiological Factors

Stress response to surgical trauma initiates catabolic changes with a net breakdown 
of glycogen, fat and protein as well as initiating neuroendocrine, immune and sys-
temic inflammatory cascades.

A component part of the metabolic response to trauma in terms of gluconeogen-
esis and insulin resistance can be ameliorated by avoiding prolonged fasting and by 
carbohydrate pre-loading with the ER protocol. Furthermore, the neural and endo-
crine response to pain can be ameliorated by effective analgesia and a partial sym-
pathetic blockade may be achieved by an epidural.

Depending on the severity of the stress response, these can be obstacles to recov-
ery or can be beneficial to recovery. A further problem is that an exaggerated but 
normal physiological response following surgery can sometimes be difficult to 
 distinguish at an early stage from that arising following a medical or surgical 
complication.

In a well-established ER unit, the physiological factors become the principal 
cause of failure in an ER protocol as the other causes are diminished. Although 
the main principle of ER is reducing surgical stress, in certain occasions ER 
fails to completely abolish the physiological response to surgical trauma. The 
majority of patients with reasonable functional reserve continue to cope well 
with the residual stress and overall succeed in ER with short length of stay. 
Those who lack this reserve, however usually fail ER, resulting in prolonged 
length of stay.

Case scenario 1: An 81-year-old ASAII female undergoes elective laparoscopic high ante-
rior resection on an ER programme. She tolerates normal diet on the first post-operative day 
and her pain is controlled with a thoracic epidural, paracetamol and ibuprofen analgesia. 
On the second post-operative day she passes flatus but experiences nausea and vomits once, 
but otherwise is clinically well.

How should be the pathway be altered or adjusted for her?

This is an example of an early post-operative ileus, which is a common benign 
condition that overlaps with post-operative nausea and vomiting. It usually occurs 
in the first 2–3 days after bowel resection and is short-lived, lasting for 24 h or less 
with the patient remaining clinically well. The management here is to clinically 
assess the patient, exclude acute gastric dilatation, surgical and medical complica-
tions and, depending on the severity, withhold the ER for 24 h or less. The patient 
should be managed with the use of anti-emetics, GI tract rest and reinstate intrave-
nous fluids if required, before reinstating oral fluids and diet when symptoms sub-
side. A nasogastric tube is required usually only with acute gastric dilatation or 
continued vomiting and abdominal distension. Patients with this condition usually 
continue to succeed in ER.

Case scenario 2: A 75-year-old ASAIII male undergoes elective laparoscopic high anterior 
resection. He passes flatus and tolerates diet on the first post-operative day. However, on the 
third post-operative day he develops nausea, distension and vomiting. A nasogastric tube is 
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passed and IVI started. Despite this, he has persisting and marked distension and, on the 
fourth post-operative day develops mild abdominal tenderness and a white cell count of 23 
and CRP 272.

A CT scan suggests a distal small bowel obstruction and some free fluid in the pelvis and a 
rectal contrast study was inconclusive. The patient is not improving and taken to theatre. At lapa-
rotomy he has a distended non-obstructed small bowel and a distended large bowel and healthy 
anastomosis. He has a loop ileostomy fashioned with a flatus tube passed through the distal limb 
into the colon. He thereafter makes a full recovery and is discharged home on day 10.

This is an example of a prolonged post-operative ileus, which is defined as 
 nausea, vomiting and abdominal distension that lasts or is of onset more than 3 days 
post-operatively. Excluding a surgical complication is essential here and thereafter 
the management is usually supportive – withdrawal from the ER pathway, intrave-
nous fluids and correction of electrolyte abnormalities and nasogastric tube if vom-
iting. Parenteral nutrition is not usually required unless the ileus lasts more than a 
week or unless there is evidence pre-operatively of malnutrition. There is no evi-
dence that prokinetics hasten the recovery from ileus [25]. In the recovery phase of 
ileus, double-strength dioralyte or St. Mark’s solution supplemented with oral nutri-
tional supplement can ameliorate the high-volume fluid losses that can result from 
enterocyte dysfunction. Although with hindsight the above case did not need a lapa-
rotomy, this was the only way to establish a definitive diagnosis. The abdominal 
distention meant that laparoscopy was not feasible. In the majority of cases of pro-
longed post-operative ileus, after exclusion of medical or surgical complication 
(such as early obstruction or anastomotic leak), the patient is managed conserva-
tively but with a withdrawal from the ER and prolonged length of stay.

The incidence of prolonged post-operative ileus is decreasing with advances in 
anaesthetic and surgical techniques and ER. In open surgery with conventional recov-
ery, the incidence of prolonged post-operative ileus has dropped from 40% to 50% 
while this has decreased significantly with the introduction of laparoscopy and ER is 
about 10% with laparoscopic technique and ER [26]. These effects may be further 
enhanced with opiate-sparing analgesic regimens, early mobilisation, prokinetics and 
gum chewing [24].There was a low incidence of post-operative ileus with a median 
time to defecation of 2 days that mirrored the median time to discharge.

Surgical Factors

Surgical performance is a critical determinant of ER’s success or failure. ER cannot 
compensate for poor surgical performance and a high degree of suspicion is required 
to rule out a technical or surgical complication.

Case scenario 3: A 74-year-old ASAII male undergoes elective laparoscopic anterior resec-
tion. He goes home on day 3 tolerating normal diet and with a care package including a 
point of contact. On the fifth post-operative day however he feels unwell and distended, 
vomits and is unable to tolerate diet or fluids. He contacts the ward and is subsequently 
readmitted. He is distended with lower abdominal tenderness, has a high white cell count of 
19 and CRP of 270. A CT shows a large presacral collection with free intraperitoneal air. At 
laparotomy he has an anastomotic dehiscence which is taken down and a Hartmann’s 
 procedure was performed.
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ER does not have any impact in reducing surgical complications such as anasto-
motic dehiscence. Usually there are some indications in the early post-operative period 
for those patients who are likely to develop this complication, such as abdominal pain, 
ileus or raised inflammatory markers. In some groups of patients however, this can be 
very difficult especially if they are fully mobile, tolerating normal diet and passing 
flatus. It could be argued that patients should not be discharged following bowel  surgery 
until they open their bowel. Conversely this may result in unnecessarily delayed dis-
charge in the majority of patients and anastomotic dehiscence can still occur even with 
normal bowel function. Clearly, this patient has been discharged home having satisfied 
discharge criteria and with clear written instructions and a point of contact should prob-
lems arise. Some ER units have a policy of daily telephone review.

Anaesthetic Factors

Changes in anaesthetic practice, analgesia and peri-operative fluid management have 
all made significant contributions to ameliorating the stress of surgery and improving 
outcomes for the ER patient. This change in anaesthetic practice confers greater advan-
tage to the physiologically frail patient. Similar to surgery, the anaesthetic approach can 
be modified according to the patient’s co-morbidities and pathology.

A thorough pre-operative assessment of physiological function not only aids in 
tailoring this approach but can also help in setting the expectations for the patient’s 
functional recovery and discharge planning.

Case scenario 4: A 65-year-old morbid obese female underwent laparoscopic sigmoid resec-
tion for diverticular disease in a semi-elective list, which required conversion to open due to a 
large inflammatory mass in the sigmoid colon. Post-operatively, the patient remained drowsy 
for 2–3 h in recovery. After that, the patient complained of pain, the anaesthetic team was 
called and the epidural was increased. She now has effective epidural analgesia but with a 
blood pressure of 80/40 mmHg and a pulse of 90. How would you manage the patient?

The first step is clearly to exclude a surgical complication such as post-operative 
bleeding but this can be difficult by clinical examination alone in such instances. 
Epidural hypotension without tachycardia can usually be safely tolerated in the 
healthy patient but in the co-morbid patient may require administration of i.v. fluid. 
Clearly, this patient required high infusion rate of epidural to achieve optimum pain 
control. If hypotension persists despite fluid challenges, consider administration of 
vasoconstrictor such as metaraminol or ephedrine, which usually requires transfer 
to a high-dependency unit.

Case scenario 5: A 39-year-old female with small bowel Crohn’s who has been managed 
on a long-term analgesia undergoes laparoscopic recurrent ileocolic resection and multiple 
sticturoplasties. Pre-operatively the patient had patchy epidural cover and the decision was 
to have a buvicaine only epidural and run a morphine PCA simultaneously. What are the 
expectations of her recovery?

It is recognised that inflammatory bowel disease can make post-operative pain 
management particularly challenging as a result of pain modulation and long-term 
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analgesic use. Sub-optimal pain control may result in poor motivation in this group 
of patients as well as making it harder for them to comply with other components 
of ER. Hence, supplementing epidural analgesia to achieve optimum pain control 
is necessary. This involves the multi-modal approach for analgesia including 
 regular paracetamol, non-steroidal anti-inflammatory drugs as well as opioids. 
Although alternative analgesics to opiates are clearly desirable, they are not always 
effective. Baseline opiate analgesia (considering the previous opiate requirement) 
are usually insufficient in these patients and alternative analgesia, such as trans-
versus abdominis plane blocks or rectus sheath infusion catheters, should have 
been explored.

Implementation Factors

Difficulties often arise in implementing all the elements of the ER pathway at an 
earlier stage of adopting ER. In well-established ER units, implementation factors 
can still be challenging and need to be overcome to sustain the initial success. 
This is mostly due to physical and economic barriers such as staff education, 
changes in shift patterns, the seniority of staff and skill mix and mixed specialty 
wards.

Case scenario 6: A busy colorectal unit with a successful ER programme, due to financial 
constraints, ward closures and amalgamation with a neighbouring hospital, becomes a 
mixed specialty ward. There is then loss of staff and inability to recruit experienced nursing 
staff, stoma therapists and physiotherapists. Finally, the ER programme loses its facilitator. 
With this, the ER programme loses its ability to educate staff and is unable to reliably sus-
tain a service at weekends and at times of staff shortage. How can this unit sustain ER?

Although clinical leadership and championship are essential elements in setting 
up and sustaining such a programme, clinicians are often too busy to supervise the 
daily tasks of ER and this role should be handed to a dedicated ER facilitator.

An ER facilitator is essential in anticipating and countering these problems as 
well as leading the team on a day-to-day basis. ER implementation failures, like 
most system failures, are often seen too late through the eyes of the medical or ward 
nursing staff or the bed managers. An experienced ER facilitator however, with a 
protected role, can recognise problems as they develop. This problem often arises 
when a unit with an established record of delivering ER underestimates the role of 
a dedicated facilitator who ensures compliance with the pathway, provides continual 
staff education, arranges regular meetings for the steering group and organises data 
collection.

Although the role of ER facilitator is essential in setting up and maintaining the 
ER programme, continual staff education is crucial to stain success of this pro-
gramme. The main ethos of ER is the multidisciplinary team approach; this cannot 
be achieved by one person and if this person leaves or is not there the whole pro-
gramme collapses. ER is a task shared by every member of the team who all have a 
responsibility to ensure its implementation.
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The pathway must be embedded as the standard of care and it becomes the 
 normal practice, with no other parallel pathways. The whole team must be clear on 
the method of management.

There will always be challenges and difficulties, but a strong commitment and 
resilience of the whole team is required to maintain their enthusiasm in the face of 
setbacks and to train new staff members in the ethos of ER; this can turn failure into 
success.

Top tips to sustain success in ER:
 1. Firm foundations of the whole ER pathway without piece meal adoption
 2. ER facilitator
 3. Direct-line to ward for discharged patients
 4. Continual data monitoring and staff education
 5. Success in ER is measured by the overall impact on patient care
 6. Early failure can be turned into success with early recognition and management 

of complications
 7. Early ER deviation can represent a valuable albeit nonspecific warning sign in 

post-operative care
 8. Failure to comply in one or two elements does not mean failure in ER; failure is 

usually due multiple deviations
 9. Tailored ER pathway may be necessary for some patients
 10. Resilience and confidence to overcome challenges
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 There is a growing awareness worldwide that continuous quality improvements and 
adherence to evidence-based guidelines are of major importance in health care. 
However, despite universal acceptance of benefi t from the measurement of quality 
in health care, there are currently no generally accepted standards for the bench-
marking of performance and quality. The Enhanced Recovery After Surgery (ERAS) 
Study Group, an international working group, has developed one such system and 
collected a large international database  [  1  ] . 

 Measuring standards and auditing health care quality, in itself, drives continuing 
improvement. In addition, publicly released performance data also improves results 
due to identifi cation of the best performers and also the concern health care provid-
ers have for their public image and reputation  [  2  ] . 

 In a recent update of a Cochrane review comprising 188 studies it was concluded 
that audit and feedback can be effective in improving professional practice  [  3  ] . Even 
though the effects are generally small to moderate, the relative effectiveness of audit 
and feedback is likely to be greater when adherence to recommended practice is low 
at the baseline, and when feedback is delivered more intensively. Two recent 
Cochrane Review updates showed that, in addition to regular audit, continuing edu-
cational meetings and outreach educational visits were interventions that improved 
professional practice and patient outcomes  [  4,   5  ] . The effects were similar to other 
types of continuing medical education, such as audit and feedback. Another 
Cochrane review concluded that printed educational materials when used alone had 
a benefi cial effect on process outcomes (e.g. X-ray requests, smoking cessa-
tion activities, medication), but not on patient outcomes. However, the clinical 
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 signifi cance of the observed effect was not clear and the effectiveness of educational 
materials compared to other interventions was uncertain  [  6  ] . 

 In a recent systematic review it was concluded that quality improvement strategies 
that were clinician/patient-driven had a stronger evidence of effectiveness than those 
that were manager/policy-driven  [  7  ] . There are reports from successful, complex, cli-
nician-driven, implementation projects in health care such as the Surviving Sepsis 
Campaign  [  8  ] . In this study of 15,022 critically ill patients from 165 centres, substantial 
improvements in outcome were found when guidelines were implemented. After having 
established evidence-based recommendations and guidelines, compliance (a measure-
ment of the frequency with which guidelines that are known to improve outcome were 
implemented) improved from 18% in the initial phase of the project, to 36% after a 
2-year implementation period. Although an ambitious goal was set of reducing mortal-
ity by one-third, the improvement in compliance with treatment guidelines was associ-
ated with a signifi cant reduction in mortality, from 37% to 30.8%. 

 Measurement of the compliance with which interventions that improve clinical 
recovery are implemented allows the use of a structured audit based on an assessment 
of change in compliance. This facilitates implementation of the change, providing 
tools for improvement in clinical care. However, when more complex clinical path-
ways are to be evaluated, the data collection also becomes more involved and resource 
demanding. This then generates more data to evaluate, increasing the number of fac-
tors in clinical practice that can infl uence outcome. Such complexity is particularly 
true in the evaluation of surgical outcomes. The surgical patient’s journey along their 
pathway involves a series of interactions in outpatient clinics, preadmission clinics, 
the ward, high-dependency unit and then fi nally back to the ward. Multiple members 
of staff including clinic nurses, ward nurses, specialist nurses, junior and senior sur-
geons, anaesthetists, physiotherapists and many other health care workers infl uence 
outcome, administering or supervising interventions that are important. This means 
that a large group of personnel from different units might contribute to the data collec-
tion. The complexity of such a pathway places demands on an audit system, particu-
larly if it is used to control day-to-day care and, more so, to manage changes in clinical 
practice. The process of data registration is vital in order to ensure adequate data qual-
ity. This was illustrated recently when data registration by residents was analysed, 
revealing highly unreliable recordings despite active training. It was concluded that a 
specially trained nurse coordinator was necessary in order to improve the validity of 
recorded data  [  9  ] . Tailored, practical adaptations to facilitate data collection are also 
often helpful, in particular to avoid duplicate registration of data. 

 In a systematic review  [  10  ] , it was concluded that clinical pathways act as a pow-
erful tool to control the quality of perioperative care and should be more widely 
introduced into routine practice. This was particularly important for procedures with 
a high volume, great complexity of treatment, or a high degree of associated morbid-
ity and mortality. Gastrointestinal surgery is a typical example of this procedure: It is 
usually complex surgery with high complication rates, meeting all the above criteria. 
A recent paper studied the content of proposed clinical pathways in digestive surgery, 
analysing 13 studies, selected from 510 publications, most  relating to colorectal 
 surgery.  [  11  ]  The authors reported that the majority of interventions and clinical 
pathways in the literature were similar to those which comprise the ERAS protocol. 
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 This protocol is a clinically derived, complex multimodal treatment protocol aiming 
to improve recovery and postoperative outcomes  [  12  ] . In order to successfully imple-
ment the ERAS program, a systematic process of audit has been built into the ERAS 
data collection system  [  1  ] . The ERAS database differs from other common audit 
tools in that a traditional audit system collects data on patient demographics, treat-
ment and outcomes. What is additionally included in the ERAS system is the record-
ing of compliance with a series of evidence-based treatment interventions that have 
been shown to infl uence outcomes. A raft of measures which provide information on 
different aspects of postoperative recovery, and potential factors delaying it, is incor-
porated into the data set to allow interrogation of the care process. 

 A recent study compared elective colorectal surgery patients within a clinical 
trial to those outside it, when both groups were treated with the same ERAS proto-
col  [  13  ] . The authors reported a modest improvement in compliance with ERAS 
interventions in the trial patients, but no or only marginal impact on postoperative 
outcomes such as length of stay and complications  [  13  ] . However, a larger study in 
953 patients undergoing colorectal surgery demonstrated a greater improvement in 
compliance with pre- and perioperative ERAS components. Compliance increased 
from 43.3% to 70.6% during the study (2002–2004 vs. 2005–2007), which was 
associated with a signifi cant reduction in symptoms delaying recovery (OR 0.53, 
95% CI 0.40–0.70) and postoperative complications (OR 0.73, 95% CI 0.55–0.98) 
 [  14  ] . Of the 22 key ERAS variables, the use of preoperative carbohydrate loading 
and the restriction of perioperative intravenous fl uid replacement were found to be 
strongly associated with improved outcomes. Across the periods, the proportion of 
adverse postoperative outcomes was signifi cantly reduced with increasing adher-
ence to the ERAS protocol (>70%, >80%, >90%) compared with low ERAS adher-
ence (<50%) (Figs.  11.1  and  11.2 ).   
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 Audit is a key instrument for clinicians aiming to implement the ERAS pro-
gramme. This is the only way to gather the necessary information on compliance 
with the programme during the change process. By capturing details of where in the 
pathway there are problems, one may examine the compliance for interventions that 
deal with those specifi c issues, thus providing objectivity when problems are solved. 
This helps to direct future education and the modifi cation of other interventions 
when necessary. 

 By auditing the details of the key elements of the clinical pathway it is often easier 
to understand the occurrence of certain complications. An example of this would be 
the ability to easily review the fl uid balance of patients if a sudden increase in cardiac 
complications has been revealed, or perhaps when problems with bowel function 
secondary to ileus occur. Both ileus and cardiac complications may result from fl uid 
overload and this association can be detected by using the audit. In addition to offer 
the local group of clinicians an improved overview of their clinical practice, the 
ERAS audit system also provides relevant feedback on clinical outcomes that are 
important for patients, health care providers and other decision makers.     
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