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Postoperative recovery 

In order to structure the perioperative care process of ambulatory surgery, postop-
erative recovery is conveniently divided in three distinct phases. 
The early recovery phase lasts from discontinuation of anaesthetic agents until the 
patient is awake and vital protective reflexes and motor function have recovered. 
This phase requires close monitoring and supervision and normally takes place in 
the post anaesthesia care unit (PACU). 
The intermediate recovery phase is the phase of clinical recovery that takes place in 
the surgical unit and lasts from when the patient has regained stable vital functions 
until he is ready to go home. 
The late recovery phase lasts from discharge from the hospital until the patient 
reaches complete functional, physiological and psychological recovery1,2. 

Accelerating postoperative recovery: the concept 
of fast track surgery 

In the early 1990’s surgery underwent revolutionary changes due to the introduc-
tion of ultra short acting anaesthetics, the development of regional anaesthetic 
techniques to control pain and the use of minimally invasive open or laparoscopic 
techniques in surgery. Combining these new anaesthetic and analgesic methods 
with these new surgical techniques in a treatment pathway shortened the time 
required for the early and intermediate postoperative recovery considerably. 
In ambulatory surgery, patients regained vital reflexes in the operating room and 
could directly be transferred to the day surgery unit, thereby bypassing the post 
anaesthesia care unit (PACU). This so termed “fast tracking” treatment path was 
aimed to streamline ambulatory surgery. 
Recovery times of patients who were fast tracked were significantly shorter com-
pared to those for patients who were not fast tracked3 and patients that were able 
to bypass the PACU were discharged home earlier than patients who were not4,5. 
Other arguments brought up to justify the “fast tracking” concept were reduced 
nursing workload, reduced costs and improved quality of care by focussing atten-
tion on getting patients back to their preoperative status as quickly as possible6,7,8 
The expansion of the fast track concept to more major surgical procedures resulted 
in an increasing number of surgical procedures being performed as short stay sur-
gery. Prostatectomies, pneumonectomies, total hip and knee replacements and 
peripheral vascular reconstructions are procedures that are nowadays performed 
in a short stay setting9. 
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Fast track colonic surgery 

The expansion of the fast track concept to colonic surgery has been pioneered by 
Henrik Kehlet, a surgeon of the Hvidovre University Hospital in Denmark. He re-
ported on a median postoperative hospital stay of two days in 60 consecutive 
colectomy patients who were treated in a fast track surgery programme10, whereas 
colonic surgery usually requires a postoperative hospital stay of 5-10 days11. 
The median age of the patients was 74 years and most of the patients had comor-
bidity; only 18 patients were considered to have no significant concomitant ill-
nesses and had normal preoperative mobility. Within two days, patients tolerated 
early nutrition, all but three of the patients had defecation and patients were 
spending between five and six hours out of bed. 
Kehlet emphasized that major improvements in recovery may require a multifac-
eted approach (Figure 1)12.Stress induced organ dysfunction, pain, nausea and 
vomiting, ileus, hypoxemia and sleep disturbances, fatigue, immobilisation and 
semi-starvation and traditional perioperative care principles such as the use of 
drains, nasogastric tubes, fasting regimes and bed rest were identified as key fac-
tors that contribute to the postoperative functional deterioration. 
 

 
Figure 1. Multimodal Interventions required for major improvement in surgical outcome  

 
Kehlet developed a multimodal rehabilitation programme that combined a number 
of interventions to reduce the stress of the surgical procedure, risk of organ dys-
function and loss of functional capacity. This multimodal programme involved the 
cancellation of traditional perioperative care principles such as immobilisation, 
drains, nasogastric tubes and fasting, while introducing innovations such as carbo-
hydrate loaded liquids before surgery, regional anaesthetic techniques, minimally 
invasive open or laparoscopic surgical techniques, maintenance of normal tem-
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perature during surgery, optimal treatment of postoperative pain and prophylaxis 
for nausea and vomiting13,14. 
The application of this multimodal rehabilitation programme after colonic resec-
tions significantly reduced length of hospitalisation10-15 and significantly improved 
postoperative recovery, physical performance, pulmonary function, body composi-
tion16, and convalescence17. 
Other single centre groups have subsequently confirmed that the application of 
such fast track multimodal perioperative care programmes in colorectal surgery 
patients results in a reduced length of hospital stay, less morbidity, reduced post-
operative ileus, improved pulmonary function, less pain, and less fatigue18-19 

Enhanced Recovery After Surgery 

In 2001 the Enhanced Recovery After Surgery (ERAS) group was established as a 
collaboration of university or specialised departments of surgery from five northern 
European centres: Kehlet’s group of the Hvidovre University Hospital, Hvidovre, 
Denmark, practicing fast track surgery and four centres practicing a more tradi-
tional pattern of care: the Royal Infirmary, Edinburgh, UK, the Karolinska Institutet 
at Ersta Hospital, Stockholm, Sweden, the University Hospital of Northern Norway, 
Tromsø, Norway and Maastricht University Medical Centre, Maastricht, the Nether-
lands. 
The ERAS group reviewed the case-mix, clinical management and clinical outcomes 
of colorectal surgery patients in these five participating centres20. A retrospective 
chart review was undertaken over a one year period between 1998 and 2001 and 
451 consecutive patients undergoing an open colorectal resection above the peri-
toneal reflection were evaluated. 
As expected, length of stay was significantly shorter in the “fast track” centre of 
Denmark compared to the centres practicing traditional care (a median of 2 days 
versus a median of 7-9 days). Based on patient demographics such as age, BMI, 
gender and P-Possum scores it was concluded that the surgical populations were 
comparable between the five centres and that case-mix did not account for the 
reduced length of hospitalisation. The reduction in length of stay in Denmark had 
no significant influence on morbidity and 30-day mortality, but was associated with 
increased readmission rates. The elements of perioperative care applied in each 
hospital varied widely, both within the traditional care centres and in comparison 
with the centre performing fast track surgery. 
With the Danish experience as a starting point, the ERAS group considered the 
evidence base for individual components of perioperative care and developed a 
new evidence based programme (the ERAS protocol) that presented recommenda-
tions on how surgical patients undergoing a colonic resection should be cared for21. 
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Using a multidisciplinary team approach, with a focus on stress reduction and early 
return of function, the ERAS protocol aims to allow patients to recover more 
quickly from major surgery. 
The key recommendations of the ERAS guideline comprise preoperative patient 
information and counselling, no oral bowel preparation, no preoperative fasting, 
preoperative carbohydrate loading, no pre-anaesthetic medication, single dose 
antibiotic prophylaxis half an hour before surgery, short incisions, avoidance of 
long acting opioids, mid-thoracic epidural anaesthesia, paracetamol as baseline 
analgesic, avoidance of fluid overload, use of an upper-body forced-air heating 
cover, no drains, no nasogastric decompression tubes, prevention of postoperative 
nausea and vomiting in risk patients, standard laxatives, early removal of urinary 
bladder catheters, early oral nutrition and nutritional supplements and early mobi-
lisation (Figure 2). 
 

 
 
Figure 2. The essential elements of the Enhanced Recovery After Surgery programme 

The gap between evidence and practice 

One of the most consistent findings in health services research is the gap between 
best practice (what should be done according to scientific evidence) on the one 
hand and actual clinical practice (what is done) on the other hand22. Studies sug-
gest that at least 30-40% of the patients do not receive care according to current 
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scientific evidence, while more than 20% of the care provided is not needed or 
potentially harmful to patients23,24,25. 
In 2003 the ERAS group studied perioperative care in the five countries belonging 
to the ERAS group26. A questionnaire, especially designed to obtain information on 
surgical routines, was mailed to the head surgeons of all digestive surgical centres.  
The study revealed that perioperative care in colorectal cancer treatment in north-
ern Europe varied widely and differed substantially from evidence based practice. 
Lassen stated that “in spite of a large evidence base for perioperative care, surgical 
patients remain exposed to unnecessary starvation, suboptimal stress reduction 
and fluid overload”. The results of this postal survey were later confirmed by actual 
measurements in a study by Kehlet et al27. 
In the Netherlands also a broad variation existed in the provision of care for colo-
rectal surgery patients. Clinicians did not adhere to the best scientific evidence. 
Oral bowel preparation and a nasogastric decompression tube were widely used. 
There were no restrictions on routine intravenous fluid and sodium administration 
and a nil by mouth regimen postoperatively was still the rule. Postoperative epidu-
ral anaesthesia/analgesia was well implemented but although patients were thus 
optimally prepared to tolerate a normal diet soon after surgery, more than half of 
the Dutch centres did not allow patients to eat solid food until they moved bowels, 
passed gas or passed stool. 

Closing the gap between evidence and practice. 

An important reason for the gap between guideline and practice is the accumula-
tion of an enormous amount of information about what works and what does not 
work to produce good outcomes in health care. Data from the Medline database 
illustrate the rise of published randomised clinical trials from just over 100 per year 
in 1966 to nearly 10.000 annually in 199528, which has 10 years later risen to 16.000 
in 2005 . It is literally impossible for any clinician to read all of the relevant litera-
ture and to keep knowledge up to date. 
The development of evidence based clinical practice guidelines has been embraced 
as one of the most promising and effective tools for improving the uptake of re-
search findings in every day practice. Guidelines combine reviews of the scientific 
literature with insights from clinical practice to generate concrete recommenda-
tions that may help clinicians and patients to decide on appropriate care for spe-
cific clinical circumstances29. 
In 2001 the ERAS group searched the literature, weighted the strength of the evi-
dence from trials and defined concrete recommendations about the management 
of patients undergoing elective colorectal resections. In the beginning of 2002 the 
new guideline was disseminated to the locally involved professionals by means of 
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presentations and discussion, and practitioners of the four traditional care ERAS 
centres started to treat patients in accordance with the ERAS guideline. In 2005 the 
ERAS guideline was published in a scientific clinical journal21, the protocol was pre-
sented at several national and international conferences and was used as basis for 
the module on Perioperative Nutrition of the ESPEN (the European Society for 
Clinical Nutrition and Metabolism) Life Long Learning educational programme. 

The Breakthrough Series 

The Institute for Healthcare Improvement (IHI) is an American non profit organisa-
tion created in 1991 to help lead the improvement of health care in the U.S.A. In its 
initial years, IHI activities were focused on providing courses on a wide range of 
improvement topics. In 1995 the IHI studied the impact of these efforts on national 
health care performance and demonstrated that standard educational methods 
such as lecture style conferences did not improve health care. 
Seeking to have a greater and more immediate impact on health care outcomes, 
IHI constructed the Breakthrough Series, a model for achieving breakthrough im-
provements30. The Breakthrough Series approach differs in important ways from 
earlier approaches to quality improvement cycles. Such improvements may involve 
long periods of auditing outcome and/or performance data, baseline data collec-
tion, prioritizing opportunities, identifying changes required and finally implement-
ing changes. The Breakthrough Series is a short term learning system (6-15 
months). The time of analysing the sources of the problem and possible solutions is 
reduced through increased reliance on existing scientific knowledge and experi-
ence. 
Key features of the methodology are plan-do-study-act cycles, cycles of improve-
ments, that involves planning of improvements, carrying out the plans, measuring 
the results and acting on what is learned. These cycles continue serially over time 
and refinement is added with each cycle. The implementation activities are guided 
by an expert team: subject matter experts in a specific clinical area combined with 
implementation experts. This expert team helps organisations to select, test and 
implement changes of care within a short time frame. 
In 2006 a nationwide breakthrough project concerning the implementation of the 
ERAS protocol was initiated by the Dutch Institute for Healthcare Improvements 
(CBO). All Dutch hospitals were invited to participate and within a short timeframe 
26 Dutch hospitals (one quarter of all Dutch hospitals) signed up for the Break-
through Series “Perioperative Care”, wich was conducted in two series of 12 and 14 
hospitals each. At present, a third series of nine hospitals is progressing through 
the implementation of the ERAS guideline. 
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Aims of the thesis 

Evidence that a multimodal rehabilitation programme was superior to traditional 
perioperative care was already generated in various randomised controlled trials. 
However, there was no evidence that these effects were reproducible in real life 
clinical practice. Most case series are from single surgeons or single surgical wards 
and are thus strongly influenced by the interests and expertise of the surgeon as 
well as the case load that is seen in the respective institutions. 
The aim of the present thesis was to evaluate the implementation of the evidence 
based perioperative care guideline of the Enhanced Recovery After Surgery group 
in every day practice, including all patients that are scheduled for a colon resection 
and all practitioners in the department involved in colonic surgery, with varying 
experience and acceptance of the principles of the multimodal program. 
The following sub-aims were defined: 
Process evaluation: 

• to evaluate to what level the ERAS guideline can be implemented in daily 
practice 

• to evaluate what difficulties arise when introducing an ERAS programme in 
daily care 

Effect evaluation 
• to evaluate whether the anticipated effects of the multimodal approach on 

clinical recovery and length of stay can be reproduced in an every day setting 

Outline of the thesis 

Part 1: Initial international experiences 
In chapter 2 the perioperative care elements of a fast track programme in colonic 
surgery are discussed and results of randomised clinical controlled trials that have 
been published on fast track colonic surgery are reviewed. 
In chapter 3 the initial experiences of the application of the ERAS protocol in the 
five European centres of the ERAS collaboration are described. The study evaluated 
the influence of changing perioperative routines to the ERAS programme on reco-
very and length of stay. Elements that contribute to length of stay and recovery 
were examined. 
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Part 2: Experiences at Maastricht University Medical 
Centre 
Initial experience has demonstrated that the influence of the ERAS programme on 
length of stay was partly frustrated by an additional stay of a median of two days 
after patients were recovered. In chapter 4 this discrepancy between fulfilling dis-
charge criteria and actual discharge is evaluated. 
The overall aim of an enhanced recovery after surgery programme is “to allow 
patients to recover more quickly from major surgery”. Chapter 5 evaluates whether 
the implementation of the ERAS programme in every day practice resulted in a 
faster recovery of colorectal surgery patients. 
Initial experience has also demonstrated that adherence to the protocol was trou-
blesome, especially in the postoperative phase. In chapter 6 the reasons for poor 
adoption of the recommendations of the ERAS protocol are described. These rea-
sons are translated in barriers and incentives to change practice. 

Part 3: Experiences in the Netherlands 
In chapter 7, 8 and 9 results of the Breakthrough project “Perioperative Care” that 
concerned the synchronous implementation of the ERAS programme in 26 hospi-
tals in the Netherlands are described. As the third series of 9 hospitals is still ongo-
ing, these results have not been included. In chapter 7, results of a baseline meas-
urement of processes and outcomes of perioperative care in the 26 hospitals that 
participated to the Breakthrough Series are described. In chapter 8 the effect of 
the ERAS programme on the elimination of the inappropriate use of nasogastric 
decompression tubes is reported. Chapter 9 describes the results of the implemen-
tation of early oral nutrition postoperatively. 
 
In chapter 10 all findings are discussed and recommendations for clinical patient 
care and future reseach are given. In chapter 11 the findings of the different stud-
ies  are summarized and the general concusion of this thesis is presented.  
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“Ik heb gisteren en vandaag al buiten gewandeld.” 

Patient P, 4 dagen na operatie 
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Abstract 

Fast track perioperative care programmes are intensive multimodal programmes, 
combining a number of perioperative care elements with the goal to preserve nor-
mal preoperative body composition, organ functions, and to actively enhance post-
operative recovery. Fast track perioperative care programmes have been intro-
duced into the perioperative protocol of several surgical procedures. This article 
reviews the use of fast track perioperative care in colonic surgery. 
The essence of fast track perioperative care in colonic surgery consists of extensive 
preoperative counselling, no preoperative fasting but adequate nutrition, reducing 
surgical trauma, abstaining routine use of drains and nasogastric tubes, tailored 
anaesthesiology encompassing thoracic epidural, early and enhanced postopera-
tive feeding and mobilisation, and medical support with prokinetics and laxatives. A 
systematic review demonstrates that fast track perioperative care programmes, in 
colonic surgery, enhance recovery and shorten primary and overall hospital stay. 
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Introduction 

In the previous decades, there has been a tendency to aim for a shorter hospital 
stay following several surgical procedures, including colorectal surgery. There are 
many reasons for this; firstly, increasing knowledge has improved the understand-
ing of how the postoperative convalescence of a patient can be accelerated. Sec-
ondly, the aim to reduce hospital stay is based on economic efficiency. Further-
more, several technical developments play an important role, including the intro-
duction of minimally invasive (laparoscopic) surgery, and the introduction of fast 
track perioperative care programmes also referred to as Enhanced Recovery After 
Surgery (ERAS®). 
Fast track programmes combine a number of perioperative elements (Figure1), in 
order to preserve normal preoperative body composition and organ functions, and 
to actively enhance postoperative recovery. This results in a faster recovery, less 
morbidity and a shorter hospital stay1-11. 
 

 
Figure 1. The essential elements of the fast track perioperative care programme. 

 
Kehlet et al. developed a multimodal fast track perioperative care programme 
specifically for elective large bowel surgery. This programme is aimed to enhance 
postoperative recovery and to avoid common reasons that interfere with early 
hospital discharge, such as the need for parenteral analgesics or fluids, inadequate 
oral intake, delayed patient mobilisation, complications, and lack of home care1-6. 
The essence of Kehlet’s and other fast track programmes in colonic surgery, com-
prises of extensive preoperative counselling, adequate preoperative nutrition in-
cluding no preoperative fasting but carbohydrate loaded liquids until two hours 
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prior to surgery, no bowel preparation, and no sedative pre-medication. Further-
more, the fast track programme includes tailored anaesthesiology encompassing 
thoracic epidural anaesthesia and short acting anaesthetics, non-opioid pain man-
agement, avoiding perioperative fluid overload, minimal invasive surgery, no rou-
tine use of drains and nasogastric tubes, early removal of bladder catheters, stan-
dard laxatives and prokinetics, and early and enhanced postoperative feeding and 
mobilisation. A reduction in hospital stay of up to two or three days after elective 
open segmental colectomy has been reported, in a fast track care programme1-6. 
Although many surgeons currently apply some of the fast track elements which are 
not incorporated in a complete fast track perioperative care programme, such as 
the omission of oral bowel preparation and drains, and early removal of the na-
sogastric tube, considerable variation still exists throughout Europe in the degree 
into which these elements are applied into daily practice12-15. 
Apart from elective large bowel surgery, fast track programmes have been success-
fully applied in several fields of elective surgery, e.g. for aortic aneurysm repair, 
pulmonary lobectomy, and laparoscopic gastro-oesophageal reflux surgery16-18. In 
this paper, the individual elements of fast track perioperative care will be dis-
cussed, followed by a systematic review of prospective clinical controlled trials that 
have been published on fast track perioperative care programmes used in elective 
segmental colorectal resections. 

Fast track perioperative care elements 

Preoperative fast track care elements 
In fast track perioperative care, preoperative counselling is more extensive com-
pared to traditional care. Patients are informed on the important elements of fast 
track perioperative care, such as the importance of early mobilisation and diet 
resumption to reduce starvation and muscle loss, which is facilitated by tailored 
loco-regional analgesia and medicinal support. Furthermore, at this first meeting, 
the patient is informed on his/ her active role with specific tasks in the early post-
operative period. These tasks include targets for oral intake and mobilisation. It is 
also important to discuss when discharge can be expected19-22. 
Patients included in the fast track programme do not receive oral bowel prepara-
tion. Patients only receive two enemas before surgery (evening before and preop-
eratively). In recent meta-analyses on bowel preparation it has been shown that 
there are no advantages of oral bowel preparation in colonic surgery23-25. On the 
contrary, it is suggested that after bowel preparation more anastomotic leaks 
might occur and there is also a trend towards more wound infections, peritonitis 
and mortality. Other drawbacks of oral bowel preparation include longer preopera-
tive hospitalisation, induction of stress-response, and disturbance of the physio-
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logical bowel motility and bacterial flora. Furthermore, bowel preparation can 
result in dehydration and electrolyte abnormalities. 
Besides the patients’ own medication, patients who are treated in a fast track  
perioperative care programme do not receive sedative pre-medication. Pre-
medication, most often consisting of benzodiazepines, might result in a somno-
lent/sedated patient both pre- and postoperatively. As a consequence, provided 
information is not interpreted adequately and active mobilisation is reduced26. As 
the patient starts with oral intake and mobilisation directly after surgery, sedation 
is undesirable. 
The Dutch Anaesthesia Society states that intake of dear fluids up to 2-4 hours 
before initiation of anaesthesia is safe. However, in daily practice this implies that a 
patient has to fast from the evening before the operation. This is unnecessary be-
cause dear liquids or carbohydrate loaded beverages are out of the stomach within 
90 minutes and thereafter there is no increased risk of aspiration15,27-29. Another 
advantage of offering dear carbohydrate loaded beverages two hours before sur-
gery is that it reduces preoperative thirst, hunger, anxiety, and glycogen depletion. 
Finally, postoperatively insulin resistance is reduced with less risk of hyperglycae-
mia15,29. 

Perioperative fast track care elements 
An important element of anaesthesiologic care in the fast track programme is tho-
racic epidural analgesia which is commenced preoperatively and continued until 
two days postoperatively. This thoracic epidural catheter provides optimal pain 
relief, with the preservation of the patients’ normal capability of mobilisation (i.e. 
no motor function loss of the legs). Furthermore, the use of epidural analgesia 
results in a reduction of systemic opioid usage. Finally, afferent nerves from the 
surgical field are blocked (symphatic block) resulting in a reduced stress-response, 
less gut paralysis, and a decreased risk of pulmonary complications15,30-32. 
General anaesthesia is accomplished by agents with short pharmaco-dynamic dura-
tion resulting in a shorter stay in the recovery department. As a result pro-active 
recovery is possible on the day of surgery. Postoperative nausea and vomiting are 
treated with a combination of anti-emetic drugs15,32,33. 
The surgical “access trauma” is reduced by using small incisions resulting in a re-
duction of the inflammatory- and neuro-endocrine stressrespons14,34-36. A further 
reduction might be accomplished with a laparoscopic approach. In a meta-analysis 
on the safety and effectiveness of elective laparoscopic segmental colorectal resec-
tions for malignancy it has been demonstrated that laparoscopy, within a tradi-
tional care setting, is associated with less morbidity, an enhanced recovery of gas-
tro-intestinal motility, and a shorter hospital stay37. However, others have shown 
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no differences between laparoscopic and open surgery within a fast track pe-
rioperative care programme38. 
Surgical incisions are infiltrated with a local anaesthetic agent which results in less 
wound pain. Infiltration of the operative field prior to the incision, results in a bet-
ter pain control when compared to infiltration during wound closure39,40. 
During (prolonged) operative procedures there is a risk of hypothermia. During re-
warming of the patient, catecholamines and cortisol are released which enhance 
the stress-response. Prevention of hypothermia with upper-body forced-air heating 
covers (Bair Hugger®) and infusion of warmed fluids, is important for the reduction 
of the stress-response, complications, and organ dysfunction4. It has been shown 
that active hypothermia prevention reduces the risk of wound infection, blood loss, 
cardiac complications and discomfort41,42. 
Recent literature has demonstrated that restriction of perioperative iv. fluids 
(1500-3000 ml) reduces postoperative morbidity and shortens postoperative il-
eus32,43,44. Furthermore, patients treated according to fast track perioperative care 
principles have a reduced need for iv. fluids because of the omission of oral bowel 
preparation and an increased oral intake perioperatively. Patients with an epidural 
may experience vasodilatation leading to hypotension. Judicious use of vasopres-
sors in the treatment of this hypotension can avoid excessive fluid administration45. 
In two meta-analyses it has been demonstrated that routine nasogastric decom-
pression should be avoided after elective colorectal surgery46,47. A nasogastric tube 
is very unpleasant for the patient, hinders oral intake and prolongs (artificially) 
postoperative ileus. Early removal of the nasogastric tube is not accompanied by an 
increased number of complications. Moreover, the incidence of postoperative 
fever, atelectasis, and pneumonia might be reduced. Therefore, in daily practice 
the nasogastric tube is removed during extubation. If a patient develops nausea 
and vomiting postoperatively, treatment should be started with a combination of 
anti-emetics and not directly by nasogastric tube insertion. 

Postoperative fast track care elements 
Postoperative bed rest results in an increased insulin resistance, muscle loss with 
decreased strength, decreased pulmonary function and tissue oxygenation, and an 
increased risk of thrombo-embolic complications3,14,15. 
The presence of an abdominal drain represents a significant burden during early 
mobilisation. It has never been demonstrated that the use of drains after colonic 
surgery beneficially influences the occurrence of anastomotic leakage and morbid-
ity48,49. Therefore, the use of abdominal drains should be minimized.Also, urinary 
drainage holds patients back during mobilisation. For this reason, it is recom-
mended to use urinary bladder drainage only for the duration of epidural analge-
sia15 
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Since the day of surgery must be considered as the first day of recovery, patients 
are mobilised directly after surgery. The aim is to have patients out of bed for two 
hours on the day of surgery and at least six hours per day thereafter, until dis-
charge. The early mobilisation is facilitated by adequate pain relief with thoracic 
epidural analgesia and encouragement to achieve the daily targets. The early mobi-
lisation reduces the risk of thrombo-embolic and pulmonary complications, de-
creases the amount of muscle loss and increases muscle strength, and postopera-
tive insulin resistance is also reduced3,14,15. 
Early introduction of oral intake postoperatively is well tolerated by most patients. 
Early feeding might increase bowel motility resulting in a shorter postoperative 
ileus and a shorter hospital stay50. A meta-analysis on early enteral or oral feeding 
versus “nil by mouth” demonstrated that early feeding reduced both the risk of 
infectious complications and hospital stay. Furthermore, there was a trend towards 
Iess anastomotic leakages. However, early feeding was associated with some gas-
tro-intestinal symptoms, especially vomiting51. 
To further enhance oral intake, it is important to prevent postoperative gut dys-
function. Postoperative ileus is partly caused by an inhibitory reflex from the surgi-
cal field. A thoracic epidural, in contrast to a lumbar epidural, blocks this reflex and 
therefore might have a positive effect on the prevention of paralytic ileus. Another 
important issue regarding postoperative analgesia is opioid sparing and thereby 
avoiding opioid-related side effects such as sedation and a negative effect on gut 
motility. For this reason, patients additionally receive paracetamol and after dis-
continuation of the epidural a non steroidal anti-inflammatory drug (NSAID) is 
started14,15. 
Furthermore, it is important to avoid fluid overload (i.v. fluids) and medicinal sup-
port is started such as oral magnesium oxide and pro-kinetic drugs14,15,30,32. 

The implementation of the programme into daily 
practice 

The relative contribution of each of the single elements in the fast track pro-
gramme remains uncertain. For some elements there is solid evidence that its im-
plementation as a single modality within a traditional care setting results in less 
morbidity and/or a faster recovery, i.e. the omission of bowel preparation, removal 
of the nasogastric tube at the time of extubation, and optimal pre- and postopera-
tive nutritional care23-28. For other elements the evidence is less robust, and the 
implementation into the fast track programme is in those cases either based on 
“common sense” or on consensus interpretation of accumulating evidence15. 
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The effect of a fast track perioperative care programme might be, for an important 
part, caused by working according to a clearly defined evidence-based protocol. 
Both patient and care takers are well informed which targets have to be reached at 
a certain point in the recovery of a patient. 
In the fast track care programme it is important to discharge patients “under su-
pervision”. Once at home, patients are contacted by phone within 24-48 hours 
after discharge to ensure that there are no questions or complications. Patients 
should be discharged according to predefined discharge criteria. These discharge 
criteria include adequate pain control with oral analgesics, absence of nausea, 
ability to take solid foods, passage of flatus and/or stool, mobilisation and self sup-
port as compared to the preoperative level, and finally acceptance of discharge by 
the patient. 
When the postoperative course of a patient is uncomplicated, discharge can nor-
mally be expected between the third and sixth postoperative day 2,7,8,52,53. Facilities 
should be created to rapidly deal with complications that occur after discharge. 
Readmission in itself does not always imply an overnight stay. Often patients can 
re-attend the hospital as an out-patient, receive treatment (e.g. anti-
emetics/fluids) and be discharged the same day. Nevertheless, it is essential that 
there is a dear pathway for the prompt and safe readmission of patients who ex-
perience major complications (e.g. anastomotic Ieakage)15. 
Most likely, fast track perioperative care programmes are not associated with an 
increased workload of the first line home care takers (e.g. district nurse or general 
practitioner). This is because patients are discharged in the same condition as for-
merly in a traditional care setting. Moreover, the patient is instructed to contact 
the hospital if any questions or complications may arise. First line home care takers 
should be involved earlier because the discharge process has already started at the 
preadmission counselling session. Problems regarding the patients’ social environ-
ment or special needs are addressed in this session and if necessary first line care 
takers are contacted at this stage 15. 
There are no absolute contra-indications for fast track perioperative care itself. 
However, there may be certain contra-indications for individual protocol elements. 
For example, in patients with coagulation disorders the application of an epidural 
catheter is not possible. In those circumstances only the contra-indicated elements 
are omitted, the other elements are applied normally. It has been shown that fast 
track perioperative care is safe, feasible, and associated with positive results in an 
older population or for patients with significant co-morbidity9,54. However, for this 
patient population it might be difficult to achieve certain targets, such as the 
amount of postoperative mobilisation. In those cases targets are set at the highest 
level possible. 
It is important that the outcome is documented and evaluated during the introduc-
tion of a fast track perioperative care programme. This not only ensures that mor-
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bidity and mortality are optimal but also that feedback is provided on the protocol 
compliance to the individual elements and to identify aspects of the programme 
that may need further development of infrastructure and staff education15. 

Systematic review; what can be accomplished with 
the implementation of a fast track perioperative 
care programme in colonic surgery? 

The Medline, EMBASE, and Cochrane Library databases were searched for all ran-
domised or controlled clinical trials with a prospective intervention group compar-
ing a multimodal fast track perioperative care programme with traditional care in 
patients undergoing elective segmental colonic resection. Two investigators (JW, 
SP) independently performed the literature search, data-extraction and quality 
assessment of the included studies. 
The search identified 39 publications, of which 34 were excluded due to insufficient 
details, a completely retrospective, uncontrolled study design or because the data 
had been used in other selected publications. Five studies were included in the final 
analysis comprising two randomised7,8 and three controlled clinical trials2,52,53. The 
studies were published between 1998 and 2004. In Table 1 the patient characteris-
tics and quality assessment is shown. 
The application of the predefined fast track perioperative care elements varied 
widely between the studies. The programmes that were reported on in the five 
studies contained an average of 7.6 (range 4-10) fast track perioperative care ele-
ments. Accelerated mobilisation and early postoperative feeding were present in 
all studies, while other elements, such as omission of sedative pre-medication, the 
use of preoperative carbohydrate loaded liquids, omission of bowel preparation, 
and perioperative restriction of iv. fluids, were less effectively applied. Particularly 
the preoperative care elements were less implemented. 
The primary hospital stay (PHS) and overall hospital stay (OHS), including the read-
missions within 30 days are shown in Table 1. PHS was significantly shorter after 
fast track perioperative care in four of the five studies2,7,52,53. OHS was reported in 
three studies, all of which reported a significantly shorter OHS in the fast track 
perioperative care group as compared to the traditional care group2,7,8. It has been 
suggested that a reduction of PHS might increase the number of readmissions. 
However, in the included studies there were no significant differences in the num-
ber of readmissions between the fast track perioperative care and traditional care 
groups. Readmission rates were 0-21% and 0-18% respectively.  
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The morbidity and mortality rates are shown in table 1. With the exception of one 
study that reported significant less morbidity in the fast track perioperative care 
group, there were no further differences2. 
 
Table 1. Patient characteristics, quality assessment, and results of the included studies 

 Anderson 
et al. 
BJS 
 
2003 

Delaney 
et al. 
DCR 
 
2003 

Raue 
et al. 
Surg.Endosc 
 
2004 

Bradshaw  
et al. 
J Am Coll surg 
 
1998 

Basse 
et al. 
DCR 
 
2004 

Designa RCT RCT CCT CCT CCT 

N 
FT/TCb 

 
14/11 

 
31/33 

 
23/29 

 
36/36 

 
130/130g 

Age (y) 
FT/TC 

 
64/68 

 
51/42* 

 
63/65 

 
63/60 

 
72/74 

% ASAc I/II 
FT/TC 

 
93/91 

 
61/79 

 
52/72 

 
No ASA IV 

 
60/77* 

PHSd (days) 
FT/TC 

 
4(3)/7(7)* 

 
5.2/5.8 

 
(4)/(7)* 

 
4.9/6* 

 
3.3(2)/10(8)* 

OHSe (days) 
FT/TC 

 
4(3)/7(7)* 

 
5.4/7.1* 

   
5.5(2)/13(10)* 

Readmissions % 
(n) 
FT/TC 

 
 
0(0)/0(0) 

 
 
10(3)/18(6) 

 
 
4(1)/7(2) 

 
 
3(1)/3(1) 

 
 
21(27)/12(16) 

Morbidity (%) 
FT/TC 

 
29(4)/45(5) 

 
23(7)/30(10) 

 
17(4)/24(7) 

 
8(3)/11(4) 

 
25(33)/55(72)* 

Quality scoref 4 3 2 2 3 

* p<0.05 
a RCT: Randomised Clinical Trial; CCT: Clinical Controlled Trial; b FT: Fast Track perioperative care;  TC: 
Traditional Care; c American Society of Anaesthesilogists; d Primary Hospital Stay; e Overall Hospital Stay, 
including readmissions within 30 days; f Quality assessment: score ranging from 0 (worst) – 5 (best) 
based on the cumulative score on the items, randomisation, consecutivety, adequate follow-up (>30 
days), independent collection of data and similarity of the groups; g Traditional care group retrospec-
tively collected in another hospital 

Conclusion 

Fast track perioperative care programmes are intensive multimodal and multidisci-
plinary programmes with the goal to reduce loss of functional capacity and to en-
hance postoperative recovery, resulting in a shorter hospital stay and an earlier 
return to normal life. 
Concerning cost-effectiveness, costs are reduced for the health care insurers and 
society on the one hand. This is due to a reduction in hospital stay and an earlier 
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resumption of work. On the other hand, the costs for the hospital are increased 
because the hospital invests in a multimodal and multidisciplinary programme 
which results in a shorter hospital stay and correspondingly a smaller reimburse-
ment by the health care insurer. To compensate for this, an adjusted reimburse-
ment should be introduced for procedures performed within a fast track periopera-
tive care programme. 
When hospital stay is reduced, it is important to assure that patients are discharged 
in the same condition as would have been the case in a traditional care situation; 
an earlier discharge is possible because the patient has recovered earlier. This, in 
part, can be achieved by applying strict discharge criteria. In addition to this, pa-
tients should be able to easily contact the hospital for questions. Also, readmission 
procedures should be simplified to assure that there is no delay in admission and to 
provide the necessary treatment. 
Finally, the question remains how to implement such evidence based perioperative 
care programmes on a broader basis in the Netherlands. Future studies should 
investigate the added benefit of laparoscopic surgery within a fast track periopera-
tive care programme12,55. 
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Abstract 

Aim 
Single-centre studies have suggested that enhanced recovery can be achieved with 
multimodal perioperative care protocols. This international observational study 
evaluated the implementation of an enhanced recovery programme in five Euro-
pean centres and examined the determinants affecting recovery and length of 
hospital stay. 

Methods 
Four hundred and twenty-five consecutive patients undergoing elective open colo-
rectal resection above the peritoneal reflection between January 2001 and January 
2004 were enrolled in a protocol that defined multiple perioperative care ele-
ments. One centre had been developing multimodal perioperative care for 10 
years, whereas the other four had previously undertaken traditional care. 

Results 
The case mix was similar between centres. Protocol compliance before and during 
the surgical procedure was high, but it was low in the immediate postoperative 
phase. Patients fulfilled predetermined recovery criteria a median of 3 days after 
operation but were actually discharged a median of 5 days after surgery. Delay in 
discharge and the development of major complications prolonged length of stay. 
Previous experience with fast-track surgery was associated with a shorter hospital 
stay. 

Conclusion 
Functional recovery in 3 days after colorectal resection could be achieved in daily 
practice. A protocol is not enough to enable discharge of patients on the day of 
functional recovery; more experience and better organization of care may be re-
quired. 
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Introduction 

With traditional perioperative care, hospital stay after colorectal surgery is com-
monly between 1 and 2 weeks1. Kehlet’s group in Denmark identified factors that 
delay postoperative recovery (pain, gut dysfunction and immobilization), and com-
bined a series of interventions to reduce perioperative stress and organ dysfunc-
tion2. These measures enhance recovery and constitute a multimodal rehabilitation 
programme aimed at optimizing perioperative care in colonic surgery.  
This evidence-based programme was subsequently integrated into a highly efficient 
organization, with preoperative evaluation of informal care, strictly defined dis-
charge criteria and a prescheduled discharge plan3, and could therefore be consid-
ered best clinical practice. The programme resulted in a remarkable reduction in 
length of hospital stay to a median of 2 days4,5. These results were achieved not 
only by reducing the need for care, but also by decreasing the influence of care 
provision (‘supply factors’) on hospital stay. 
Kehlet’s group and other single-centre groups have demonstrated that recovery 
can be enhanced, and hospital stay and costs reduced, by multimodal rehabilitation 
programmes6–13. However, such protocols have not been widely adopted. The delay 
in integrating novel management strategies within routine practice may be as-
cribed to the time required to develop guidelines, the implementation process, the 
target group of professionals, the patients, the cultural and social setting, and the 
organizational and economic environment 14,15. Clearly the issue of effective im-
plementation and a consequent high rate of compliance are essential in terms of 
problem solving and achieving uniformity of patient management. Although fast-
track programmes have been evaluated in a variety of centres, little has been pub-
lished on the degree of compliance with such protocols. 
In 2000 the Enhanced Recovery After Surgery (ERAS) collaboration was established 
between five northern European centres: Kehlet’s group in Denmark and four tradi-
tional practice centres (one each in the Netherlands, Norway, Sweden and the UK), 
with the aim of reaching a situation in which the same enhanced recovery pe-
rioperative protocol was followed in all the participating centres, resulting in com-
parable outcomes. In the initial phase of the ERAS collaboration, perioperative care 
processes and outcomes in the participating centres were assessed retrospectively 
in a patient cohort treated just before initiation of the ERAS programme16. 
The present report documents the outcome of the process of changing routines to 
a multimodal rehabilitation programme and how this can be applied in daily prac-
tice in multiple centres. It further examines which particular elements contributed 
to length of hospital stay during implementation of such a programme. 
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Methods 

In 2000 the ERAS collaborationwas established, representing five northern Euro-
pean centres (University Hospital, Maastricht, The Netherlands; University Hospital 
Northern Norway, Tromsø, Norway; Karolinska Institute at Ersta Hospital, Stock-
holm, Sweden; The Royal Infirmary, Edinburgh, UK; Hvidovre University Hospital, 
Copenhagen, Denmark).  
At the Hvidovre hospital in Denmark ‘fast-track’ colorectal perioperative care had 
been developed over the previous 10 years, whereas the other four university cen-
tres had been adhering to a more traditional pattern of care. With the Danish ex-
perience as a starting point, the ERAS collaboration developed a new modified 
evidence-based core protocol and defined more than 20 perioperative standard 
care elements. 
This core protocol has been documented in detail elsewhere17. It includes preop-
erative counselling, no bowel preparation, no preoperative oral fluid restriction, 
carbohydrate loading (Nutricia preOp®; Nutricia, Zoetermeer, The Netherlands) up 
to 2 h before surgery, short acting anaesthetics, standard thoracic epidural, limited 
use of opioids, perioperative fluid restriction, early mobilization, and early postop-
erative use of oral nutritional supplements (ONS) (NutriDrink® or Ensini®; Nutricia) 
and oral diet. 
Local project teams followed an education programme provided by the Hvidovre 
hospital team and spent 6 months disseminating the ERAS protocol locally to sur-
geons, anaesthetists and nursing staff. Regular meetings were arranged to allow 
members of the ERAS collaboration to monitor progress and pinpoint impediments 
to.implementation of the core protocol. An examination of the implementation of 
such evidence-based clinical practice using a non-randomized non-blinded design 
was adopted. 

Data collection 
A central database was designed specifically for the project and the data were 
collected over the internet. Each patient’s data field contained approximately 140 
different variables. For security purposes the data were de-identified and the data-
base was localized on a password and firewall protected secure internet server. 
Where national legislation precluded direct electronic submission (Norway), a 
spreadsheet containing the data was sent by regular mail to the Stockholm data-
base site. All centres had ethical approval for the collection of data, except where 
the de-identification of data provided a dispensation of this obligation. 
Research nurses at each centre recorded data prospectively for patients enrolled in 
the ERAS programme during the hospital stay and during follow-up for 30 days 
after surgery. 
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Study population and evaluation of case mix 
Patients undergoing elective open colorectal resection above the peritoneal reflec-
tion for benign or malignant disease were managed perioperatively according to 
the ERAS core protocol. Patients who needed emergency surgery and those requir-
ing an end or diverting ileostomy or colostomy were excluded.  
To allow comparison between patients at the different sites, all subjects were 
scored according to the American Society of Anesthesiologists (ASA) classification, 
and according to the risk-adjusted, predicted-outcome measure, the Portsmouth 
modification of the Physiological and Operative Severity Score for the enUmeration 
of Mortality and morbidity equation (P-POSSUM). Briefly, the P-POSSUM uses a 12- 
factor physiological score (age, cardiac status, pulse rate, systolic blood pressure, 
respiratory status, Glasgow Coma Score, serum urea, potassium and sodium, hae-
moglobin concentration, white blood cell count and findings on electrocardiogra-
phy), and a six-factor operative severity score (operative severity, number of pro-
cedures, total blood loss, peritoneal soiling, presence of malignancy, mode of sur-
gery)18,19. Missing values (less than 5 per cent of all variables) for POSSUM were 
assumed to be normal. 

Measurements 
Data on patient demographics, surgical procedures and postoperative outcome 
were collected prospectively in all centres. Follow-up for mortality, anastomotic 
leak, reoperations and readmissions was verified either during the primary admis-
sion, by telephone contact at 30 days or at the subsequent outpatient clinic visit. Of 
more than 20 protocol care elements, 17 index elements were selected as readily 
recordable and having a direct influence on recovery. They were therefore ana-
lysed for compliance and relationship with outcome.  
Three recovery criteria were defined: good pain control on oral analgesics, no in-
travenous fluids along with tolerance of solid food, and mobilization to preopera-
tive level. The first day after operation on which all three criteria were fulfilled was 
used to indicate functional recovery, that is fit for discharge. In addition, the day on 
which patients were considered both fit for discharge and willing to go home was 
recorded, as was the actual date of discharge.  
Delayed discharge time (DDT) was calculated by subtracting the day of functional 
recovery from the actual day of discharge. This variable indicated both organiza-
tional aspects of the care and discharge process and societal adaptation to the 
ERAS programme. Full adaptation and acceptance was in place if the value was 0; 
this was not the case if the value was greater than 0. 
Length of hospital stay was defined as the number of nights spent in hospital after 
surgery, whereas total length of stay was defined as the number of nights spent in 
hospital, including nights after readmission within 30 days after surgery.  
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To define the influence of complications on postoperative recovery and hospital 
stay, all adverse events in the postoperative period were recorded prospectively as 
described previously16. A patient’s postoperative course was considered compli-
cated if any complication by accepted standard definitions occurred 11,20. 

Statistical analysis 
The data set was analysed for rate of recovery, the day of full functional recovery 
and length of hospital stay. Elements possibly influencing length of stay were re-
trieved from the data set, including patient characteristics (age, sex, ASA classifica-
tion, type of resection, complexity, presence of malignancy and POSSUM), pres-
ence of complications, previous experience with fast-track surgery (Denmark versus 
the other countries), organization of care and compliance with the ERAS guidelines. 
Univariate analysis of the relationship between all the elements described above 
and length of hospital stay was performed using Cox regression. In addition, Cox 
multivariate regression analysis was performed with adjustment for all variables 
influencing length of stay in the univariate analysis.  
Data processing was done with SPSS® 10.1 for Windows. P < 0·050 was considered 
statistically significant. 

Results 

Four hundred and twenty-five consecutive patients from five centres (The Nether-
lands, 53; Norway, 32; Sweden, 167; UK, 81; Denmark, 92) were entered prospec-
tively into the ERAS protocol between January 2001 and January 2004. The charac-
teristics of the patients are shown in Table 1.  
In general this was an elderly population with a slight preponderance of women. 
More than three-quarters of the patients were ASA grade II or more, reflecting 
significant co-morbidity. There was a preponderance of left-sided resections, with 
16 per cent of patients undergoing a complex multiple organ resection. Approxi-
mately two-thirds of the patients had colorectal cancer. The mean(SD.) P-POSSUM 
score was 32(7) and did not differ significantly between centres. 

Outcomes 
Follow-up for mortality, anastomotic leak, reoperations and readmissions was 
complete at all institutions. Reoperation was undertaken in 8·9 per cent of the 
patients, anastomotic leakage occurred in 4·2 per cent and the overall mortality 
rate was 1·2 per cent. Median length of initial stay was 5 days. As a result of the 
readmission of nearly 14 per cent of patients, the median total hospital stay was 6 
days. 
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Table 1. Characteristics of 425 patients who took part in the enhanced recovery after surgery protocol 

 N=425 

Age (sd)  67 (14) 

Gender % 
   Male 
   Female 

 
44 
56 

ASA a % 
   I 
   II 
   III/IV 

 
22 
57 
21 

Colectomy % 
   Right sided 
   Left sided 

 
42 
58 

Complex resection % 17 

Malignancy %  67 

P-Possum b (sd)  32 (6.5) 

a ASA, American Society of Anesthesiologists;  b P-POSSUM, Portsmouth modification of the Physiologi-
cal and Operative Severity Score for the enUmeration of Mortality and morbidity equation. 

Protocol compliance 
The degree of adherence to the various core protocol care elements is summarized 
in Table 2. 
Most patients were cared for according to the core protocol before and during the 
operation, whereas adherence to the protocol fell considerably in the immediate 
postoperative phase. Compliance within different centres varied for individual 
elements of the protocol (range 13–100 per cent). 

Recovery versus length of stay 
In general, patients entered into the ERAS protocol were either willing to consider 
leaving hospital or actually did leave hospital a median of 2 days after fulfilling the 
preset recovery criteria (Figure 1). On day 2 after surgery 27 per cent of patients 
fulfilled all three recovery criteria, whereas only 13 per cent wanted to go home 
and 12 per cent were actually discharged. On day 3 over 50 per cent of patients 
fulfilled all recovery indicators, but only a quarter were prepared to go home and 
actually did so. On day 5 the proportion of patients discharged exceeded 50 per 
cent.  
Thirty-one per cent of the patients were discharged on the day of functional recov-
ery (DDT 0 days). In the centre with previous experience of fast-track surgery the 
percentage of patients with no delay in discharge was 66 per cent, compared with 
26 per cent in the other centres (χ2 test, P < 0·001). 
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Table 2. Percentage of patients treated acoording to protocol care element 
 ERAS 

n=425 
Before surgery 
   Preoperative counseling 
   Bowel preparation  
   CHO drink  
   No premedication 

 
81 
82 
76 
53 

Operative factors 
   Active warming by Bair Hugger® 
   Transverse/curved incision 
   Epidural analgesia at all 

 
79 
46 
93 

Postoperative factors day 0 
   Oral analgesia  
   Out of bed at all 
   Nutritional supplements > 200ml 
   Oral fluids > 800 ml 

 
85 
51 
37 
37 

Day 1 after operation 
   No iv fluids 
   Nutritional supplements > 400 ml 
   Normal food 
   Out of bed > 6 hours 

 
37 
43 
67 
40 

Day 2 after operation 
   Urinary catheter out  
   Epidural removed  

 
54 
45 

Total 61 

 
 
 

 
Figure 1 Proportion of patients who recovered, were willing to go home and were actually discharged  
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Factors influencing length of stay 
Patient characteristics that influenced length of hospital stay are shown in Figure 2. 
Age over 60 years, ASA grade above I, complex resections and higher P-POSSUM 
scores were factors that had a negative influence on length of stay. The develop-
ment of major complications and inability to discharge patients when they had 
reached functional recovery (DDT more than 0 days) was strongly associated with 
prolonged length of stay, whereas previous experience with fast-track surgery 
(Denmark) was strongly associated with reduced hospital stay. 
ERAS core protocol elements that were related to a shortened length of stay in-
cluded being mobilized out of bed, intake of ONS and fluids on day 0, taking solid 
food and ONS, discontinuation of intravenous fluids and mobilization on day 1, and 
removal of urinary and epidural katheters on day 2. Inclusion of patient characteris-
tics, presence of complications, country of treatment and organization of care in 
multivariate analysis revealed that the same protocol care elements (except re-
moval of epidural catheter) were significantly related to the length of hospital stay 
(Figure 3). 
 

 
Figure 2. Influence of patient characteristics, country of treatment, presence of complications, organisa-
tion of care and protocol compliance on length of hospital stay determined by univariate analysis. 
Hazard ratios are shown with 95 per cent confidence intervals. A hazard ratio above 1 indicates a better 
chance of early discharge, whereas a value below 1 indicates a lower chance. 
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Figure 3. Influence of compliance with the separate care elements on length of hospital stay, adjusted 

for patient characteristics, presence of complications, country of treatment and organization of care. 
Hazard ratios are shown with 95 per cent confidence intervals. A hazard ratio above 1 indicates a better 
chance of early discharge, whereas a value below 1 indicates a lower chance. 

Discussion 

The data in the present international observational study show that it is possible to 
introduce an evidence-based enhanced recovery programme in colorectal surgery 
in surgical units that hitherto adhered to a more traditional perioperative practice. 
As this enhanced recovery programme is evidence based, it was considered unethi-
cal to withhold such care in the control arm of a randomized clinical trial. Further-
more, such a study set-up would give in to the apparent inability of surgical units to 
introduce published evidence-based perioperative care elements into daily clinical 
practice21. 
Major morbidity and mortality rates were similar to those reported before the 
introduction of the ERAS protocol16, indicating that the enhanced recovery pro-
gramme is safe. Stress reduction using preoperative measures was successfully 
introduced, whereas postoperative protocol compliance was less complete. Pa-
tients made an early functional recovery (median day 3), but discharge was gener-
ally 2 days later (median day 5). Nevertheless, the length of stay observed in the 
present study was substantially shorter (P < 0·001) than that obtained (median 8 
days) with traditional perioperative care in the same units before the implementa-
tion of this enhanced recovery programme16. Reducing length of hospital stay will 
probably lead to an increased readmission rate. The observed rate of 14 per cent 
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was derived from a full 30-day follow-up and is within the range of published 
rates5,11,12. 
Recovery from surgery is adversely affected by pain, organ dysfunction, nausea and 
vomiting, ileus, hypoxaemia, fatigue and immobilization2. In contrast, the patient’s 
need for care (‘demand factors’, determined by patient characteristics such as age, 
severity of disease and complications, co-morbidity and social circumstances22–24) 
and the provision of care (‘supply factors’, including clinical practice style25, avail-
ability of beds26 and hospital discharge policies27) are recognized as significant fac-
tors influencing ultimate length of hospital stay.  
In the present study the development of postoperative complications had the 
strongest adverse influence on length of stay. In contrast, cultural factors (familiar-
ity with and acceptance of enhanced recovery, with ensuing early discharge), or-
ganization and previous exposure to fast-track concepts (as experienced in Den-
mark) most strongly promoted reduced length of stay. These observations corrobo-
rate the view that it is particularly the integration of well known (evidence based) 
surgical care elements in the organization of care that improves outcome of care, 
that is earlier recovery and shorter hospital stay28. Elements associated with resto-
ration of intake of food were also associated with early recovery and discharge. 
This observation concurs well with the common view that nutritional support in the 
perioperative phase is associated with decreased morbidity, particularly in severely 
nutritionally depleted patients29,30. 
On average, patients fulfilled predefined functional recovery criteria on day 3 but 
were only discharged on day 5 after operation. This suggests that a further reduc-
tion of 2 days in length of stay could be achieved by decreasing the influence of 
supply factors. Integration into a highly efficient organization, with preoperative 
evaluation of informal care and a prescheduled discharge plan are important ele-
ments that might further shorten hospital stay3,11. 
The ERAS programme includes about 20 evidence based care elements to reduce 
surgical stress and postoperative catabolism17,31. In the present study 17 index 
elements that could be recorded readily were audited prospectively to assess pro-
tocol compliance. Univariate analysis of these elements in the ERAS protocol sug-
gested that compliance with postoperative rather than preoperative and pe-
rioperative factors significantly influenced length of hospital stay.  
A similar analysis with functional recovery as the dependent variable yielded 
equivalent information. Compliance with preoperative factors was high and this 
might have obscured a possible relationship with length of stay, resulting in loss of 
statistical significance. The preoperative protocol elements were all designed to 
ameliorate the impact of surgical stress but might also contribute substantially to 
postoperative recovery and the observed shortened total length of stay (6 days) 
compared with that reported previously (more than 9 days) in a similar cohort of 
patients16. 
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In the present study it was not possible to determine whether any of the protocol 
elements had an independent influence on outcome. Univariate analysis identified 
a relationship between postoperative factors and shortened hospital stay. How-
ever, these postoperative variables are both markers of protocol compliance and 
markers of recovery (outcome). Thus, a multivariate analysis of the determinants of 
outcome that included such variables is likely to be confounded. 
The results of the present study suggest that improving protocol compliance in the 
postoperative phase is perhaps the most challenging area, but also one that might 
provide the greatest room for improvement in recovery rates. Self-completed re-
covery diaries may be one method by which to encourage patients to keep track of 
their own recovery process and to meet protocol targets. Possible organizational 
interventions to improve protocol adherence include planning of operations early 
in the day and early in the week to allow discharge before the weekend, and reor-
ganization of part of the surgical ward to a rehabilitation ward, where mobilization 
of patients and other care elements (fluid intake, oral diet resumption, use of ONS) 
can be carefully structured.  
Furthermore, although preoperative and intraoperative management can be 
changed readily, postoperative care routines appear to be more difficult to influ-
ence. This perhaps reflects the fact that postoperative patient management in-
volves more disciplines, with greater participation of nursing and junior medical 
staff. To improve protocol adherence in this phase may necessitate major struc-
tural changes within the entire surgical unit, particularly with regard to the organi-
zation and education of registrars and nurses. In addition, junior nurses and doc-
tors change frequently in a unit and so continuous re-education is important. 
It is likely that increasing experience will lead to further positive alterations in eve-
ryday perioperative routine, and that this may well be extrapolated to other do-
mains of gastrointestinal surgery. Furthermore, patient satisfaction may be ex-
pected to increase and create further support for such programmes across Europe. 
Apart from the economic implications of reduced length of hospital stay, improve-
ments in patient outcome will no doubt provide a prominent stimulus for patients, 
nursing staff, surgeons and anaesthetists alike.  
The present study provides evidence that enhanced recovery can be implemented 
safely in multiple centres using the present core protocol17. However, further re-
search is required to determine how best to achieve complete protocol compliance 
(especially in the postoperative period), the optimal day of planned discharge, and 
the necessary structural and organizational changes for such a protocol to allow 
discharge on the day of functional recovery. 
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Abstract 

Aim 
Enhanced recovery after surgery (ERAS) programms are designed to reduce hospi-
tal length of stay by shortening the postoperative recovery period. The intended 
effect of an accelerated recovery on the length of stay may be frustrated by a de-
layed discharge. This study was designed to asses the influence of an ERAS program 
on the proportion, appropriateness, and extent of delay in discharge. 

Methods 
Patients who enrolled in the ERAS program ( n=121) between 2003 and 2006 were 
compared with 52 patients who were managed traditionally in 2001. 

Results 
Ninety percent of the pre-ERAS patients and 87% of the ERAS patients were not 
discharged on the day that discharge criteria were fulfilled. The additional stay of 
59% of the pre-ERAS patients and 69% of the ERAS patients was inappropriate 
Wound care (15 % in the pre-ERAS group and 3% in the ERAS group) and observa-
tion of any symptoms pointing to an anastomotic leakage (10% in both groups) 
were the most important reasons for a medical appropriate delay of discharge. The 
extent of delay in discharge decreased significantly from a median of 2 days in the 
pre-ERAS group to a median of 1 day in the ERAS group (p = 0.004). 

Conclusions 
Reductions in length of stay up to a median of 2 days after start of an enhanced 
recovery program may relate to changes in organization of care and not to a 
shorter recovery period. Recovery statistics should replace or at least be added to 
the length of stay as outcome of enhanced recovery programs. 
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Introduction 

Because hospital services are the most expensive component of health care sys-
tems, hospitals are under increasing pressure to enhance the efficiency of hospital 
care. Length of stay for inpatient care is quoted as an important index of efficiency1 
and several changes in health care have been induced the past decades to limit the 
length of hospitalization. 
An important development is the increased range of health care interventions 
offered outside the hospital or at the home. External family accommodations near 
the hospital and home care services, such as visiting nurses for wound and stoma 
care, are now available to expedite the recovery of patients who no longer require 
the acute hospital setting. 
In a parallel development, discharge planning programs2,3,4,discharge planning 
conferences5 and even discharge professionals6,7 are introduced to facilitate the 
transmission of patients to the home or to other care services, outside the hospital. 
These measures are designed to reduce medically unnecessary hospital stays, no-
tably the lower intensity days at the end of the hospital stay, during which the 
patient could have been discharged on clinical grounds but was not. 
Protocols, clinical guidelines, and critical care pathways have been introduced in 
the belief that they have the potential to maintain the appropriateness of care 
offered while regulating inefficient hospital use 8,9,10,11. 
In recent times, standardized perioperative care programs, with a more focused 
perioperative treatment plan designed to accelerate recovery, are in increasing 
interest. Kehlet and colleagues12,13 demonstrated a dramatic reduction in hospital 
stay after abdominal surgery, by combining a series of interventions in periopera-
tive care to shorten recovery time14 with a number of actions to reduce unneces-
sary hospital stay. Compared with traditional care, there seems to be no difference 
in morbidity and mortality15. 
In 2000 the ERAS (Enhanced Recovery After Surgery) group was established, as a 
collaboration of five university or specialised departments of surgery. The ERAS 
group developed an evidence based per-operative care protocol for patients un-
dergoing colorectal resection16 and introduced this protocol into daily practice. To 
deal with the growing concern of care givers regarding adverse outcomes in pa-
tients who were discharged early, the ERAS group defined criteria to be fulfilled 
before discharge16. 
A first evaluation of the program showed that almost 70% of the patients were not 
going home on the day that discharge criteria were fulfilled and that any delay in 
discharge was strongly associated with a prolonged hospital length of stay17. 
In the current paper this gap between the moment a patient could go home theo-
retically, based on predefined discharge criteria, and the moment of actual dis-
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charge was evaluated. The objectives were to assess the influence of the enhanced 
recovery after surgery program on the proportion, appropriateness and extent of 
delay in discharge. 

Methods 

The ERAS program for patients undergoing elective colonic resections above the 
peritoneal reflection without formation of a stoma, was instituted in the beginning 
of 2002. With a focus on stress reduction and promotion of return to function, the 
goal of the ERAS program is a quicker recovery from major abdominal surgery with 
a reduced hospital stay as a consequence. Preoperative patient information, mini-
mal invasive surgery, optimal pain relief, early nutrition, and enforced mobilisation 
are key elements of an enhanced recovery after surgery approach. 
An analysis of perioperative care before initiation of the program showed that the 
principles of the ERAS program were not adopted in patients who underwent a 
colonic resection in 2001 and that the perioperative routines did not differ from 
the traditional routines as published by K. Lassen18,19 
The traditionally managed patients in 2001 ( the pre-ERAS group) were compared 
with the patients who were managed according to the ERAS program between 
2003 and 2006 (the ERAS group). The study included consecutive patients undergo-
ing elective colorectal resection above the peritoneal reflection, without formation 
of a stoma. 
Patients treated in 2002 were excluded to guarantee the study group to be man-
aged according to the fully implemented new program, to exclude transition effects 
and to consist of consecutively treated patients. Before start of the study ethical 
approval for collection of the data was obtained. 
Data of the ERAS group were assessed prospectively. Data of the pre-ERAS group 
were obtained retrospectively by analysis of medical and nursing charts. 
In the current study, primary outcome was delay in discharge. Discharge criteria 
were defined as tolerance of food, good pain control on oral analgesics, defecation 
and independency in activities of daily living (ADL) to preoperative care level. 
The first day postoperatively that a patient fulfilled all four discharge criteria was 
considered to be the day that the patient was recovered and ready for discharge. 
Delay in discharge was defined as any difference between the moment the patient 
was ready for discharge and the actual discharge. 
Recovery data were recorded for 30 days after surgery. Seven percent of the pa-
tients in the pre-ERAS group and 8 percent of the patients in the ERAS group were 
not ready for discharge within 30 days after surgery (died, still in hospital or dis-
charged to a higher care level). These cases were omitted from analysis. 
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The Dutch model of the Appropriateness Evaluation Protocol ( DAEP) was used to 
assess the appropriateness of hospital stay in case of a delay in discharge. Appro-
priate hospital stay was defined as: “Hospital stay, requiring continuous and active 
medical, nursing or paramedical treatment, which under existing legislation can not 
be provided through extramural care, day care or outpatient care”20. 
The DAEP is a modification of the US Appropriateness Evaluation Protocol and was 
proven to be a valid, reliable and user friendly instrument for evaluating the appro-
priateness of hospital stay21. The DAEP consists of 19 criteria for appropriate hospi-
tal stay. 

Statistics 
Data are given as mean (SD) or median (range). Differences in demographic and 
clinical variables were analyzed by using Mann-Whitney test for ordinal data and 
chi-square test for categorical data. 
P values < 0.05 were considered to indicate statistical significance. Data analyses 
were done with SPSS 12.1 for Windows XP. 

Results 

Patient characteristics are presented in Table 1 and demonstrate that the two 
study groups were comparable with respect to demographic variables and surgical 
procedures. 
 
Table 1. Comparison of patient characteristics of traditionally managed patients in 2001 (the pre-ERAS 
group) and patients managed according to the enhanced recovery after surgery program between 2003-
2006 (ERAS group) 

 Pre-ERAS 
(n= 52) 

ERAS* 
(n=121) 

Age mean (SD) 64 (11.8) 66(12.3) 

Male/female ratio % 42/58 55/45 

ASA classification III/IV % 10 20 

Colectomy %  
   Right-sided 
   Left-sided 

 
44 
56 

 
45 
55 

Complex resection % 12 9 

Malignancy % 75 74 

P-Possum mean (SD) 30 (6.2) 31 (6.9) 

* no significant differences 
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Table 2 shows that there were no significant differences in the proportion and the 
appropriateness of the delay in discharge between the two study groups. 
 
Table 2.Proportion, appropriateness, and extent of delay of discharge before and after start of the ERAS 
program. 
 Pre-ERAS 

(n = 52) 
ERAS 
(n =121) 

Delay in discharge (%) 
  No 
  Yes 
  Medically inappropriate 
  Medically appropriate 

 
5  (10%) 

47  (90%) 
31  (59%) 
16  (31%) 

 
16  (13%) 

105  (87%) 
83  (69%) 
22  (18%) 

Median extent of delay in discharge (range)  2 (0-17) 1* (0-9) 
* p = 0.004 

 
Ninety percent of the pre-ERAS patients and 87 percent of the ERAS patients were 
not going home on the day that discharge criteria were met. The prolonged hospi-
tal stay of 59% of the pre-ERAS patients and 69% of the ERAS patients was labeled 
as inappropriate, according to the DAEP. 
For 31% of the pre-ERAS group and 18% of the ERAS group the prolonged stay was 
rated as medically necessary, with as main reason wound care (15% of the patients 
of the pre-ERAS group and 3% of the ERAS group) and observation of any symp-
toms pointing to an anastomotic leakage (10% in both the pre-ERAS and ERAS 
group). 
The extent of the delay was significantly reduced in the ERAS group. The additional 
stay after full recovery, according to the predefined discharge criteria, was a me-
dian of 2 days (range 0-17) in the pre-ERAS group versus a median of 1 day (range 
0-9) in the ERAS group (p=0.004). The main cause of the shorter delay in discharge 
of ERAS patients was the reduced incidence of wound infections during hospital 
stay. 

Discussion 

The main rationale for implementing enhanced recovery programs in surgical prac-
tice is that an improved and shorter (enhanced) recovery period would reduce a 
patient’s need to stay in hospital and thus reduce the length of hospitalisation16-a 
simple concept, but particularly revolutionary22 as it refers exclusively to a reduc-
tion in length of stay by influencing the number of the high intensity first days after 
surgery. 
As the present study demonstrates, the intended effect of a shorter recovery pe-
riod on length of stay is frustrated in part by an additional stay in hospital after the 
patient has fully recovered according to predefined discharge criteria. The current 
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study shows that there was no significant difference in the proportion of patients 
with a delay in discharge, before and after start of the ERAS program. Aproximately 
90 % of the patients were not discharged on the day that functional recovery was 
achieved. 
A validated appropriateness instrument, the Dutch Appropriateness Evaluation 
protocol (DAEP), was used to judge whether the stay after recovery criteria were 
fulfilled was medically necessary. According to the DAEP, the prolonged stay of 60% 
of the pre-ERAS patients and 70% of the ERAS patients was deemed inappropriate. 
The discharge scoring system defined adequately the readiness to go home of 
these patients, who had no medical reasons to stay in hospital after discharge crite-
ria were fulfilled. 
In 30% of the pre-ERAS patients and 20% of the ERAS patients the prolonged stay 
after recovery was rated as medically necessary. According to the discharge crite-
ria, these patients were ready to go home, but the DAEP judged that these patients 
had medical reasons for a prolonged stay, with as main medical reasons wound 
care and observation of any symptoms pointing to an anastomotic leakage. 
The question is whether wound care and observation of symptoms really require a 
hospital setting in order to be managed adequately. According to the recent 
changes in the perception of the role of an acute hospital bed22,23,24 , wound care 
and observation of symptoms are both debatable reasons for staying in an acute 
hospital bed. 
The lower incidence of prolonged stay because of wound care in the ERAS group 
(3% versus 15%) illustrates that wound care can also be considered as an inappro-
priate reason for a prolonged stay. The incidence of wound infections was not in-
fluenced by the ERAS program, but more wound infections occurred at home and 
were subsequently treated in the outpatient setting. 
In both groups, 10% of the patients were not discharged because of fever, abdomi-
nal distention, diarrhea, or other symptoms that could point to an anastomotic 
leakage. These symptoms resolved within some days, and none of these patients 
actually developed an anastomotic leakage. 
It is part of our traditional thinking that patients should remain in the hospital after 
surgery to be observed for any complication that may occur; the main advantage is 
the immediate response to complications and the rapid access to repeat surgery. 
However, with repetitive phone calls after discharge or home care visits and a rapid 
access to the outpatient surgery department, observation of patients may become 
an inappropriate reason for offering an acute hospital bed. Thus, if wound care and 
observation of symptoms that point to an anastomotic leakage both would be 
rated as inappropriate reasons for stay, only 5% of patients have a delay in dis-
charge that could be categorized as truly medically appropriate. 
Actually, the discrepancy between the DAEP and the discharge scoring system 
shows that besides the medical requirements for hospitalisation expressed in the 
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discharge criteria, length of stay is influenced by local perceptions and organisation 
of the acute hospital bed. 
The length of the additional stay, beyond the “fit for discharge” point, was a me-
dian of 2 days in the traditionally managed group and a median of 1 day in the 
enhanced recovery group. This statistically significant and clinically important re-
duction in delay after the start of the ERAS program was mainly caused by the re-
duction in the incidence of wound infections during hospital stay, which was an 
unintended effect of the ERAS program. 
This observation confirms that reductions in length of stay up to a median of two 
days are not necessarily related to the effect of the program on the recovery pe-
riod. Instead, they may relate to changes in local nursing and doctor’s policy, bring-
ing the point of actual discharge closer to the fit for discharge moment. 
Therefore, recovery criteria are superior to length of stay for the evaluation of the 
success of an enhanced recovery program. The first day that the patient is able to 
eat, has good pain control while taking oral analgesics, has had defecation and is 
nursed back to ADL self-care must be the most important outcome parameter of 
enhanced recovery programs, becuase it defines most adequately the recovery of 
the patient and eliminates the influence of the organization of care. 
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Abstract 

Aim 
Recovery statistics are superior to length of stay as outcome of enhanced recovery 
after surgery (ERAS) programmes as they define most adequately the recovery of 
the patient and eliminate the influence of organisation of care. The present study 
examines the effect of the implementation of an ERAS programme in an every day 
setting on the time to clinical recovery of patients undergoing elective colorectal 
resections. 

Methods 
A prospective case series implementation study was performed, comparing clinical 
recovery of 132 patients that enrolled the ERAS programme between 2003 and 
2006 with recovery of a historical control group of 55 traditionally treated patients. 
Patients undergoing open elective colonic resection above the peritoneal reflection 
without formation of a stoma were eligible. 
Clinical recovery was defined as the first day that a patient tolerated food, had had 
defecation, had good pain control on only oral analgesics and was ADL independ-
ent. 

Results 
The time to clinical recovery decreased from a median of 6 days in traditionally 
treated patients to 4 days in the ERAS group (adjusted Hazard Ratio 1.6, 95% CI 1.2-
2.3, p=0.005). ERAS patients were eating three days earlier, were ADL independent 
two days earlier and the time to first defecation and to pain control on oral analge-
sia decreased by one day. 
Complexity of surgery was the only surgical detail that significantly influenced time 
to clinical recovery. 

Conclusion 
Patients undergoing elective colorectal surgery within an ERAS programme recover 
faster than patients managed traditionally. A clinical recovery of three days is a 
realistic target in patients that undergo non-complex colorectal surgery. 
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Introduction 

In ambulatory surgery the concept of fast track surgery was introduced in the early 
1990’s. The fast track concept aims at a more rapid awakening from anaesthesia by 
the use of ultra short acting drugs. The early recovery period may be completed in 
the operating room and patients may be transferred directly to the day surgery 
unit, bypassing the post anaesthesia care unit1,2 Fast tracking is claimed to stream-
line ambulatory surgery with faster patient recovery time and earlier discharge. 
Several pioneers have taken up the challenge and have explored whether the fast 
track concept can also be applied to more major surgical procedures. Multimodal 
peri-operative rehabilitation programmes have been developed3,4 and remarkable 
reductions in length of stay have been demonstrated by running these fast track 
programmes5-11  
As there appeared to be a wide variation in the application of perioperative care 
elements in fast track programmes12, the Enhanced Recovery After Surgery (ERAS) 
group, a European collaboration of five departments of surgery, considered the 
evidence-base for individual components of recovery programmes. Based on this, 
they defined a multimodal recovery programme, that presents the consensus of 
how patients undergoing colonic resection should be cared for (the ERAS proto-
col)13. The ultimate aim of an enhanced recovery after surgery programme is “to 
allow patients to recover more quickly from major surgery”. 
A first evaluation of the effect of the ERAS programme demonstrated that a reduc-
tion in length of stay to a median of 2 days was not reproducible in real life clinical 
practice. The median hospital stay, including readmissions within 30 days after 
surgery, was 6 days14.  
Organisation of care was identified as a major factor influencing length of hospital 
stay. Reductions in length of stay after institution of an enhanced recovery pro-
gramme may thus not only be brought about by a shorter postoperative recovery 
period. To evaluate the success of an enhanced recovery after surgery programme, 
recovery statistics should replace or at least be added to length of stay, because 
they define most adequately the recovery of the patient and eliminate the influ-
ence of organisation of care15.  
The current studie evaluates prospectively whether the ultimate aim of an en-
hanced recovery programme, a shorter postoperative recovery period, can be 
achieved in an every day setting, comprising all patients scheduled for a colorectal 
resection and all practitioners involved in colonic surgery.  
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Methods 

Design 
The current study was a prospective case series implementation study comparing 
clinical recovery with recovery of a historical control group. The intervention group 
comprised 132 patients undergoing elective colonic resection between January 
2003 and January 2006 and managed according to the ERAS programme (ERAS 
group). The control group consisted of a consecutive series of 55 patients that un-
derwent a colonic resection in 2001. These patients were managed according to a 
traditional care path way at a time when the ERAS programme was not yet known 
in the unit (control group). 

Patients 
Eligible for this study were patients older than 18 years of age, undergoing elective 
open colonic resection above the peritoneal reflection for benign or malignant 
disease. Patients who needed emergency surgery and those requiring an ileostomy 
or colostomy were excluded. Patients that underwent a colonic resection because 
of gynaecologic pathology, admitted to the department of gynaecology, were also 
excluded. 
Surgeons started to treat a selected group of patients according to the new proto-
col in the beginning of 2002. To guarantee the study group to be managed accord-
ing to a fully implemented ERAS programme, to exclude transition effects and to 
ensure a series of consecutively treated patients, the study group consists of con-
secutive colorectal surgery patient that enrolled the ERAS programme between 
2003 and 2006. 
Patients in the control group received conventional perioperative care including 
bowel preparation, preoperative fasting from midnight, bowel rest (nil by mouth, a 
nasogastric decompression tube for 2 days and a slow re- introduction of oral fluids 
and diet) and bed rest (appendix 1). 

Intervention 
The ERAS protocol consisted of the following procedures13. Patients were seen 
before admission during an educational session, that provided information about 
the hospital stay, the recovery programme and the patients’ role in recovery. Pa-
tients received no oral bowel preparation and were allowed to eat until midnight 
and to drink clear liquids until two hours before surgery. A carbohydrate enriched 
supplement was offered early in the morning of surgery. Pre-anaesthetic long act-
ing medication was avoided and patients received a thoracic epidural catheter, 
activated before the onset of surgery. An upper-body-forced-air heating cover was 
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used routinely to prevent hypothermia. The nasogastric decompression tube was 
removed before the patient woke up from anaesthesia. Patients commenced oral 
fluids at arrival on the surgical ward and intravenous fluids were discontinued as 
soon as adequate oral intake was established. 
The first day after surgery patients were allowed to eat at will and patients were 
supported to take oral nutritional supplements until a normal level of food intake 
was achieved. Mobilisation started on the day of surgery and patients were en-
couraged to stay out of bed for 6 hours from the first day after surgery. To promote 
mobilisation the epidural catheter and the urinary catheter were removed on the 
second day after surgery. 

Implementation activities 
A project team was appointed consisting of two surgeons, an anaesthetist and a 
nurse coordinator. This project team followed an educational programme provided 
by the experienced team of the Hvidovre hospital in Denmark. A clinical recovery of 
two days was promoted by the Hvidovre team and accepted by the project team as 
main goal of the change of practice.The project team educated the locally involved 
professionals about the protocol by means of presentations and discussions. The 
nurse coordinator led the implementation by executing the patient information 
and organising the follow up of patients enrolled in the programme. 

Data collection 
The primary endpoint of the present study was the day of recovery to home readi-
ness, defined as the first day after surgery that the patient fulfilled all four dis-
charge criteria: tolerance of food, independency in activities of daily living (ADL 
independency), defecation and adequate pain control on oral analgesics only.  
A retrospective review of medical and especially nursing charts was carried out to 
evaluate traditional perioperative care in the control group. This baseline meas-
urement provided also insight in the process of traditional perioperative care (Ap-
pendix 1). 
Patients that were managed according to the ERAS programme were prospectively 
evaluated. Medical and nursing files were studied and data were checked by fre-
quent interviews of the staff and the patients the first days after surgery.To allow 
comparison between the present prospectively studied patients group and the 
retrospective dataset, data collection include age, gender, presence of malignancy, 
side of operation and complexity of surgery and all subjects were scored according 
the ASA classification, and the P-Possum score (the Portsmouth modification of the 
Physiological and Operative Severity Score for the enumeration of Mortality and 
morbidity equation16. 
Before start of the study, ethical approval for collection of the data was obtained. 
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Statistical analysis 
Differences between control and ERAS patients were analyzed using the 
Mann-Whitney test for continuous data and chi-square test for categorical data. 
Continuous data are presented as mean (SD) and categorical data as percentages. 
The Kaplan-Meier method was used to evaluate differences in time to recovery 
between the control and ERAS group. Patient data were censored if the patient was 
not recovered (deceased or was discharged to a higher care level). Additional Kap-
lan Meier analyses were carried out to compare the time to tolerance of food, 
defecation, oral analgesics and ADL independency in the two study groups. Log 
rank statistics were used to test for differences in the Kaplan-Meier recovery 
curves. Cox proportional hazards regression analyses were performed to adjust for 
age, gender, ASA classification, P-Possum score, presence of malignancy, site of 
operation and complexity of surgery. 
P-values below 0.05 were considered to indicate statistical significance. Data proc-
essing was done with SPSS 15.0 for Windows. 

Results 

The relevant patient characteristics and surgical details are presented in Table 1.  
 
Table1 . Comparison of patient characteristics and surgical details of patients managed traditionally   
(the control group) and patients managed according to the enhanced recovery after surgery programme 
(the ERAS group) 

 Control 
n=55 

ERAS 
n=132 

Age (sd) 65 (12) 67(12) 

Gender  %  
   male 
   female 

 
40 
60 

 
55 
45 

ASA classificationa III/IV  %  9 22* 

P-Possum scoreb (sd) 31 (7) 32 (7) 

Malignancy  %  76 74 

Colectomy  %  
   right sited 
   left sited  

 
44 
56 

 
43 
57 

Complexity  %  13 12 

 
The groups were comparable with respect to age, gender distribution, P-Possum 
score, presence of malignancy, site of resection and complexity of surgery but dif-
fered in ASA status with a significantly higher ratio of ASA III/IV patients in the ERAS 
group (22% versus 9% in the control group). 
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The time to clinical recovery was significantly shorter in the ERAS group as is also 
shown by the Kaplan-Meier survival curves (log-rank test p=0.009) (Fig. 1).  
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Log Rank test: p = 0.009 
 
Figure 1. Kaplan-Meier survival analysis of functional recovery in patients managed traditionally (Con-
trol) and patients managed according to the ERAS programme (ERAS). 
 

 
The median day of recovery decreased from postoperative day 6 in the control 
group to postoperative day 4 in the ERAS group. When adjusted for patient charac-
teristics and clinical variables, the time to recovery was still significantly reduced in 
patients who enrolled the ERAS programme (Hazard Ratio 1.6, 95% CI 1.2-2.3, 
p<0.005). Complexity of surgery was the only significant independent predictor of 
postoperative recovery (Table 2). 
 
Table 2. Influence of the ERAS programme on time to recovery when adjusted for clinical and demo-
graphic variables. 

Variable Hazard ratio 
( 95% CI) 

p Value 

Traditional versus ERAS management 1.6 (1.2-2.3) 0.005 

Age (younger versus older than 65) 0.8 (0.5-1.1) 0.10 

Gender (men/women) 0.9 (0.6-1.2) 0.38 

ASA classification (I/II versus III/IV) 0.6 (0.4-1.0) 0.06 

P-Possumscore (per point score) 1.0 (1.0-1.0) 0.43 

Malignancy (no/yes) 1.2 (0.8-1.8) 0.36 

Side operation ( right versus left) 0.9 (0.7-1.3) 0.58 

Complexity (no/yes) 0.5 (0.3-0.8) 0.01 

 
 

All four recovery criteria contributed to the enhanced recovery in the ERAS group 
(Figure 2). The median time to tolerance of food decreased from day 5 to day 2, to 

-------    Control 
——    ERAS
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ADL independency from day 5 to day 3, to defecation from day 4 to day 3 and to 
good pain control on oral analgesics from day 3 to day 2.  
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   Log Rank test: p=0.001    Log Rank test: p = 0.000 
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   Log Rank test: p = 0.006    Log Rank test: p = 0.007 

 

Figure 2. Kaplan-Meier survival analysis of the time to tolerate food, to defecation, to oral analgesics 
and to ADL independency of the Control and ERAS patients. 

 
These reductions remained statistical significant after adjustment for demographics 
and clinical variables (Table 3). 
 
Table 3. Unadjusted and adjusted estimate of Hazard Ratio’s of the effect of the ERAS programme on 
time to tolerance of food, defecation, oral analgesics and ADL independency. 

Event unadjusted 
Hazard ratio 
(95% CI) 

adjusted 
Hazard ratio 
( 95% CI) 

p-Value 

Overall recovery 1.5 (1.1-2.1) 1.6 (1.2-2.3) 0.005 

Tolerance of normal food 1.6 (1.2-2.3) 1.9 (1.4-2.7) 0.000 

Defecation 2.1 (1.5-3.0) 2.2 (1.5-3.3) 0.000 

Oral analgesics 1.4 (1.0-2.1) 1.5 (1.0-2.3) 0.037 

ADL independency 1.5 (1.0-2.1) 1.7 (1.2-2.4) 0.003 

* P < 0.05  

-------    Control 
——    ERAS

-------    Control 
——    ERAS 

-------    Control 
——    ERAS

-------    Control 
——    ERAS 
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Discussion 

The current study demonstrates that the time to clinical recovery after elective 
colonic resection can be shortened by treating patients according to an enhanced 
recovery after surgery (ERAS) programme. Before institution of the ERAS pro-
gramme it was not until day six after surgery that patients who underwent a colo-
rectal resection were recovered to home readiness. The change in every day clinical 
practice in accordance with the recommendations of the ERAS programme resulted 
in a significantly faster clinical recovery after surgery to a median of four days. 
Patients were considered to be recovered to home readiness when they regained 
their gut function (tolerance of food and passage of stool), when pain levels could 
be controlled adequately with simple oral analgesics only and when they were 
mobile enough to resume normal activities of daily living. This study showed that 
patients that were treated according to the ERAS programme were eating 3 days 
earlier, were mobilised 2 days earlier and were having defecation and pain control 
on oral analgesics 1 day earlier than patients managed traditionally. 
However, the anticipated recovery time of 2 days6 could by far not be achieved. On 
day 2 after surgery 45% of the patients were not eating normal food, 69% of the 
patients were not ADL independent, 55% of the patients had not had defecation 
and 38% still had the epidural catheter inserted. In our department of surgery, that 
was hitherto adhering to a traditional pattern of care, a recovery in 2 days ap-
peared to be an unrealistic target. 
Due to the nature of this implementation study, study patients were compared to a 
control group that was evaluated retrospectively. The strength of the current study 
was that it was possible to obtain reliable data of recovery by the retrospective 
evaluation of nursing charts. Whether a patient was eating and had defecation, 
whether the epidural catheter was removed and whether the patient was able to 
wash himself were classic items that were daily recorded in the nursing charts. 
A limitation of the current study was the change in patients’ characteristics due to 
secular trends over the long study period. Laparoscopic surgery has emerged in the 
beginning of 2005 and was performed in a selected group of patients. These pa-
tients also enrolled the ERAS programme but for reasons of comparison were left 
out of the current analysis. The proportion of non malignant patients decreased 
due to changed policy of treating diverticulitis. 
It is difficult to interpret the results in the context of current evidence. Most studies 
report on length of stay and except for the study of Basse6, none of the studies 
achieve a median length of stay of two days. This suggest that recovery was 
achieved in two days in the Basse study, but probably not in any of the other stud-
ies. Only one randomized clinical trial evaluated the same modalities of recovery17. 
In this study the median day of tolerance of food, pain control on oral analgesics 
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and defecation was equal to the results of our study, independent mobility was 
achieved one day earlier. Unfortunately the overall rate of recovery was not re-
ported, but it is clear that a recovery rate of two days was not achieved in that 
study. 
It is well known that results of controlled trials often can not be reproduced in 
every day practice18. Under experimental conditions patients may be highly se-
lected, staff may give special attention to participants and any bias that arise from 
variation in exposure to the intervention may be eliminated. In every day practice 
usual practitioners treat real patients who may have significant co-morbidity and 
may be ambivalent about treatment. 
The problem is that unrealistic implementation goals may have a detrimental effect 
on practitioners’ motivation to adopt the current programme in every day practice. 
Positive experiences and visible effects on outcomes are important incentives for 
the embedding of a new practice into the organisation and daily routines19,20. Addi-
tionally, unrealistic targets of recovery will lead to a poor impression of the pro-
gramme on patients. As part of the ERAS programme, targets of recovery are ex-
tensively discussed preoperatively with the patients. Not achieving these targets 
may negatively influence patients’ satisfaction with the programme and subse-
quently with the surgical results21. 
Another limitation was that structural attributes were not evaluated. Changes in 
clinical practice are only partly within doctors’ control. Prevailing professional and 
organisational culture e.g., determine the effectiveness of the innovation to a large 
extent22. The extent to which traditional routines deviated from the evidence based 
recommendations described in the ERAS protocol suggests that the clinical envi-
ronment was not attractive to induce change. 
An important lesson learned from our attempt to introduce the ERAS protocol in 
everyday practice is that a baseline measurement of traditional care is a very im-
portant instrument in defining realistic targets of change. In addition to the out-
comes of care and the extent to which traditional practice deviates from the rec-
ommended practice, the prevailing professional and organisational culture should 
be part of the evaluation. The cultural environment e.g. the presence of an infra-
structure for quality and the involvement of clinical leaders determines the effect 
of an innovation to a large extent23. 
Given the fact that before the start of the ERAS programme it was not until day 6 
that patients were recovered, that only 2 elements of the protocol were partially 
implemented and that perioperative care was not standardised and protocols were 
not commonly applied, a gain of 4 days in recovery was probably too ambitious a 
goal. For centres adhering to a traditional pattern of care, with no prior exposure to 
fast track concepts, a recovery in 3 days is suggested as a attainable, realistic, but 
still ambitious goal to start with. This goal should certainly be achievable if patients 
that undergo complex surgery are excluded. As the motivation to change usually 
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grows gradually under the influence of positive experiences in practice, a further 
improvement might be attained in a second cycle of improvement24. 

Conclusion 

The current study shows that the implementation of an enhanced recovery after 
surgery programme in an every day clinical practice results in a faster recovery. 
Recovery time of colorectal surgery patients decreased to a median of four days. A 
clinical recovery of three days in non complex elective colorectal surgery patients is 
a feasible goal for hospitals that accept the challenge of introducing an ERAS pro-
gramme into their traditional surgical practice 
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Appendix 1. Analysis of perioperative care before the introduction of the ERAS programme. Data are 
percentages of patients that were managed according to the various elements of the ERAS programme 

Perioperative care elements Perioperative care  
in 2001 
(n=55) 

Before surgery 
Preoperative counselling 
No bowel preparation 
Oral carbohydrate treatment 

 
0 
5 
0 

Operative factors 
Active warming by Bair Hugger ® 
Epidural analgesia at all 

 
56 
71 

Postoperative factors, day 0 
No nasogastric drainage 
Out of bed at all 
Oral fluids > 800 ml 
Oral nutritional supplements >200 ml 

 
6 
0 
0 
0 

Day 1 after operation 
Intravenous fluid infusion stopped 
Out of bed > 6 hours 
Solid food 
Oral nutritional supplements >400 ml 

 
0 
0 
6 
0 

Day 2 after operation 
Epidural removed 
Urinary catheter out together with epidural 

 
33 
11 
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“Ik heb gewinkeld en geklusd.  
Ik heb nog niet stil gezeten vandaag”. 

Patiënt V, 8 dagen na operatie 
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Abstract 

Aim 
Active dissemination of an Enhanced Recovery After Surgery (ERAS) protocol is an 
important yet insufficient condition to achieve changes in traditional practice. This 
study ascertains protocol adherence, perceived barriers and incentives to change 
practice in order to promote the incorporation of the ERAS protocol into daily care 
routines. 

Methods 
A prospective process evaluation was performed to measure actual performance 
and reasons for deviation from the protocol. An expert panel translated reasons for 
deviation into barriers and facilitators. 

Results 
Pre- and peri-operative care elements were generally implemented in a successful 
manner, whereas the adoption of postoperative elements was poor. The reduce in 
discomfort of patients pre and postoperatively and the appointment of a coordina-
tor were identified as the most important facilitators of the protocol. The most 
important barriers were patients’ postoperative condition, lack of experience with 
the protocol, lack of evidence for some of the recommendations and a poor focus 
on recovery as an important outcome of care. 

Conclusion 
This process evaluation has identified factors that facilitated or impeded the adop-
tion of the ERAS protocol in every day practice. These insights may be of value for 
other hospitals that face the challenge of implementation of an ERAS protocol. 
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Introduction 

The immediate challenge in improving the quality of surgical care is not to discover 
new knowledge, but to integrate what we already know into practice1,2. The devel-
opment and dissemination of clinical practice guidelines is one of the most popular 
approaches to translate research findings in every day practice3. These guidelines 
detail explicit recommendations for specific clinical circumstances4,5. Following 
their introduction, improvements in the process and outcomes of care have been 
demonstrated6, although the extent of the improvement can vary considerably and 
is usually small to moderate7. 
In 2001 the Enhanced Recovery after Surgery (ERAS) group, a collaborative of five 
Departments of Surgery from five northern European countries, reviewed the state 
of knowledge regarding clinical care for patients undergoing elective colonic resec-
tion. Aiming for an enhanced recovery after major surgical procedures, the ERAS 
group formulated more than twenty key elements of best practice perioperative 
care8. 
The programme was disseminated in the five participating centres and a first 
evaluation of the effect of the programme showed that active dissemination of the 
ERAS programme into traditional surgical practice was not enough to fully realise 
the anticipated recovery and hospitalisation rates9,10,11. 
This is in line with the consistent finding that guidelines do not implement them-
selves but need a systematic well-planned approach that takes into account the 
complexity of health care practice. Most experts in healthcare interventions em-
phasise the importance of acquiring a good understanding of the factors that facili-
tate or impede changes in everyday practice. Interventions tailored to overcome 
identified barriers may improve the process and outcome of care12-15. 
The aim of the current study was to identify barriers and facilitators for implemen-
tation of the ERAS protocol. It was felt that this might inspire others to develop 
interventions promoting the implementation of the ERAS protocol in routine pe-
rioperative care. A prospective process evaluation was undertaken to evaluate 
adherence to the ERAS protocol and to assess the most important reasons for devi-
ating from the protocol. 

Methods 

Design and population 
Between 2003 and 2006 peri-operative care was prospectively registered for all 
patients that underwent an elective colorectal resection above the peritoneal re-
flection enrolled in the ERAS programme. For reason of comparison we also evalu-
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ated perioperative care before the introduction of the protocol by a retrospective 
chart audit over the period January 2001- January 2002, during which 55 patients 
were exposed to the same type of surgery. 

Intervention as planned: the ERAS protocol 
In 2001 the ERAS collaboration developed an evidence based perioperative care 
programme for patients undergoing colonic resections above the peritoneal reflec-
tion8. Structured patient information, cessation of bowel preparation, new fasting 
rules, removal of nasogastric tubes at the end of surgery, epidural anaesthesia, 
early nutrition and early mobilisation were the key elements of the ERAS protocol 
(Appendix 1). 

Dissemination and implementation activities 
At the beginning of the project in 2001, a project team was appointed in Maas-
tricht, consisting of two surgeons, an anaesthetist and a nurse coordinator. The 
project team followed a training programme provided by the experienced team of 
the Hvidovre hospital in Denmark and spent 6 months on dissemination and im-
plementation activities. The project team educated the locally involved profession-
als about the protocol by means of presentations and discussions. 
After dissemination of the programme the surgeons started to treat a selected 
group of patients according to the new protocol in the beginning of 2002. At the 
end of 2002 the first results were evaluated and feedback on performance was 
given to involved surgeons, anaesthetists and nurses. From January 2003 consecu-
tive colorectal surgery patients were managed fully according to the ERAS protocol. 
From 2002 onwards key elements of the programme were summarised on a one 
page information sheet that was added to the medical and nursing charts of every 
colorectal surgery patient to remind professionals of the recommendations of the 
ERAS programme. Additionally, small lecture style presentations of all protocol care 
elements were repeated every year. 
A written patient information sheet was developed and was used to support the 
face-to-face patient instruction before surgery. The nurse coordinator guided the 
implementation by carrying out the patient information and organising the follow 
up of patients enrolled in the programme. Patients were daily visited the first days 
after surgery and deviations from the protocol were immediately fed back to the 
responsible professionals. 

Data collection 
A retrospective chart review of perioperative care before the introduction of the 
ERAS protocol was carried out. Based on the extensive descriptive reports of pa-
tients’ well being in nursing charts it was possible to analyse to what extent con-
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ventional care deviated from the ERAS recommendations. This baseline measure-
ment provided insight in elements of care that were already (partially) imple-
mented. 
Practitioners and surgical nurses prospectively recorded relevant data of process of 
care during implementation of the ERAS programme in the medical files. Addition-
ally, the nurse coordinator interviewed patients and caregivers daily the first days 
after surgery using a structured case report form. Reasons for deviation from the 
protocol were standardised and categorised, with room for open answers. 

Data analysis 
Reasons for non compliance were divided in necessary deviations (beyond the 
control of individuals involved in care in hospital such as medical contra-indications 
and comorbidities), possibly unnecessary deviations (e.g. patients feeling miserable 
postoperatively) and unnecessary deviations (to be solved with better organisation 
of care). Thus, the elements with most room for improvement (a high percentage 
of unnecessary deviations or possibly unnecessary deviations) could be identified. 
An expert panel (the nurse coordinator, lead surgeons and anaesthetist, and an 
implementation expert) reviewed the changes in perioperative care and identified 
factors explaining success or failure of changes in surgical practice, in doing so 
evaluating and judging the reasons for non adherence. 
To increase the trustworthiness of the interpretation of the data by the expert 
panel a surgeon, an anaesthetist and a nurse who had a key role in the implemen-
tation activities on the surgical ward, were given the opportunity to respond to and 
correct the panels’ description of barriers and facilitators. 

Results 

Characteristics of patients. 
The mean age of the ERAS patients was 67, 55% was male, 22 % had ASA status 
III/IV, 74% had colorectal cancer, 57% underwent a left sided colectomy and 12 % 
underwent a complex resection. The pre-ERAS patients and the ERAS patients were 
comparable with respect to age, gender distribution, presence of malignancy, site 
and complexity of resection, but differed in ASA status with a significantly higher 
ratio of ASA III/IV patients in the ERAS group ( 22% versus 9% in the pre-ERAS 
group). 
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Improvement after implementation 
The retrospective analysis of conventional care demonstrated that perioperative 
care before the introduction of the ERAS programme was mainly based on non 
evidence based traditions in surgical care (table 1).  
Oral bowel preparation, a nasogastric decompression tube, nil by mouth, unre-
stricted use of intravenous fluids and bed rest were standard elements of care. 
Only two elements of the ERAS programme were already partially implemented. 
Epidural analgesia was used in almost three quarters of the patients and half of the 
patients were warmed during surgery with an upper-body forced-air heating. 
 
Table 1. Analysis of perioperative care before (2001) and after introduction of the ERAS programme 
(2003-2006). Data are percentages of patients managed according to the various care elements of the 
ERAS programme. In column 3 estimated adherence to the protocol without unnecessary and possibly 
unnecessary deviations. 

Perioperative care elements 2001 
 
n=55 

2003 2006 
 
n=132 

Highest possible 
protocol  
adherence  

Before surgery 
Preoperative counselling 
No bowel preparation 
Oral carbohydrate treatment 

 
0 
5 
0 

 
93 
94 
87 

 
99 
95 
90 

Operative factors 
Active warming by Bair Hugger ® 
Epidural analgesia at all 

 
56 
71 

 
98 
92 

 
100 
95 

Postoperative factors, day 0 
No nasogastric drainage 
Out of bed at all 
Oral fluids > 800 ml 
Oral nutritional supplements >200 ml 

 
6 
0 
0 
0 

 
92 
51 
36 
29 

 
100 
70-85 
70-85 
65-80 

Day 1 after operation 
Intravenous fluid infusion stopped 
Out of bed > 6 hours 
Solid food 
Oral nutritional supplements >400 ml 

 
0 
0 
6 
0 

 
44 
28 
48 
50 

 
60-90 
40-90 
60-90 
60-80 

Day 2 after operation 
Epidural removed 
Urinary catheter out  

 
33 
11 

 
77 
84 

 
80-90 
85-90 

 
The prospective evaluation of every day practice after the introduction of the pro-
gramme showed that pre- and peri-operative care elements were generally imple-
mented in a successful manner. This was also true for the postoperative elements 
“nasogastric drainage”, “removal of the epidural cathether”, and “removal of the 
urinary catheter”. The other postoperative care elements considering early nutri-
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tion and mobilisation were poorly adopted. Nutrition and mobilisation as to the 
prescheduled care plan were realised in less than half of the patients. 

Reasons for protocol deviation 
The most frequently mentioned reasons for protocol violation were patients re-
turning late from the recovery room as a consequence of which time and staff were 
too restricted to fully adhere to the protocol, patients’ malaise on the day of sur-
gery and day after surgery, and the reliance of surgeons, anaesthetists and nurses 
on traditional dogmatic routines (table 2). 
 
Table 2. Most important reasons for protocol deviation per protocol care element 

Care elements % Non 
Compliance 

Reasons protocol deviation 

Preoperative counselling 3 Counselling impossible: demented, mentally disabled and non-
native patients 

No bowel preparation 5 Participation in a trial requiring preoperative bowel prepara-
tion 

Carbohydrate drinks 10 Contra-indication: Diabetes Mellitus 

Bair Hugger  2 No reason 

Epidural analgesia at all 3 Fall back to more traditional analgesia in patients with severe 
co-morbidity 

No nasogastric drainage 7 Reliance on tradition, selection of patients “who really need a 
tube” 

Mobilisation at all  
day 0 

23.5 
9 
6 
5 

Late return from recovery room  
Stay over on recovery room 
Patients’malaise 
Pain 

Oral nutritional supple-
ments  day 0 

23 
13 
13 

8 
7 
7 

Late return from recovery room  
Nausea and vomiting 
Staff error, supplements not offered 
Stay over on recovery room 
Patient refusal: aversion or no appetite 
Reliance on tradition: nil by mouth 

Oral fluid intake > 800 ml   
day 0 

29 
12 
12 

 
8 

Late return from recovery room 
Nausea and vomiting 
Reliance on tradition: nil by mouth,limited support, limited 
supply 
Stay over on recovery room 
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Care elements % Non 
Compliance 

Reasons protocol deviation 

Intravenous fluid infusion 
stopped day 1 

19.5 
7.5 
7.5 
7 
5.5 

Nausea and vomiting 
Insufficient intake of oral fluids 
Decreased urinary secretion 
Reliance on tradition: wait and see approach 
Nil by mouth, nasogastric tube 

Out of bed > 6 hours day 1 21.5 
13 

 
10 

7 
7 
5 

Patients’ malaise 
Reliance on tradition: limited support to achieve 6 hours  
mobilisation 
Pain 
Hypotension, dizziness 
Tired 
Co-morbidity 

Solid food day 1 26.5 
13 

7 

Nausea and vomiting 
Reliance on tradition: still on liquids 
Nasogastric tube still inserted 

Oral nutritional supple-
ments > 400 ml day 1 

19 
11 

7 
5.5 
5 

Nausea and vomiting 
Patients refusal: aversion or no appetite  
Nasogastric tube inserted or replaced 
Staff error, supplements not offered 
Reliance on tradition in extensive surgery: clear liquids  

Epidural removed day 2 7 
5 

Local protocol deviation for left sided resection 
Reliance on tradition: watch and see approach in patients 
that feel miserable 

Urinary catheter out day 2 4.5 Patient immobile, unable to go to the toilet 
 
 

Medical contra-indications as the most acceptable reason for deviation of the pro-
tocol were responsible for less than 10% of non compliance. The highest possible 
adherence rates varied between 90-100 % for the pre and per-operative care ele-
ments and 40-90% for the postoperative care elements. Most room for improve-
ment (table 1, third column) was identified in elements concerning early mobilisa-
tion and nutrition, the elements that were most poorly adopted. 
The expert panel identified the following three key facilitators of implementation: 
the reduced discomfort of patients because of cancellation/early discontinuation of 
inconvenient peri-operative practices such as bowel preparation, nasogastric tubes, 
fasting, iv lines, epidurals and urinary catheters, the appointment of a nurse coor-
dinator and a high level of evidence supporting key elements of the programme. 
The lack of patients’ well being postoperatively was a major barrier to the imple-
mentation of the enhanced recovery programme. According to caregivers some 
patients were too sick and miserable or in too much pain to achieve the targets of 
early nutrition and mobilisation. Lack of experience in new routines made it diffi-
cult to tailor the interventions to the individual patient and to judge when the pa-
tient required a different course of action. Lack of robust evidence behind the rec-
ommendations regarding nutrition and mobilisation hindered the integration in 
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daily practice. Finally, enhanced recovery was not regarded as an important out-
come of care by surgeons, anaesthetist, nurses, as well as by the patients. 
 
Table 3. Facilitators and barriers to the implementation of the ERAS programme 

Care elements Facilitators to its imple-
mentation 

Barriers to its implementation 

Preoperative 
counselling 

Appointment of a specific 
coordinator who is responsi-
ble for organisation of preop-
erative information 
No doubt of importance of 
preoperative extensive pa-
tient information 

Coordinator not incorporated in established structures 
and team communication 
 

No bowel 
preparation 

Level A evidence 
Bowel preparation is very 
inconvenient for patients 

Trial protocols that are not compatible with ERAS 
protocol 

Oral carbohy-
drate treatment

Carbohydrate drinks reduce 
patients’ preoperative discom-
fort 

Traditional fasting rules were easier to adhere to. 
Algorithm to identify risk patients is required. 

Upper body 
forced air 
heating 

Level A evidence  

Epidural anal-
gesia at all 

Department of anaesthesia 
that is familiar with epidural 
analgesia 

Experienced anaesthetist required for patients with 
co-morbidity 
Recovery is not an important outcome of anaesthesia 
in traditional care 

No nasogastric 
drainage 

Level A evidence 
A nasogastric tube is very 
inconvenient for the patient 

Lack of experience in selecting patients who really 
need a tube 

Mobilisation at 
all day 0 

The increased risk of bed rest 
on thrombo-embolism is well 
known. 

Lack of experience in early mobilisation with the risk of 
bad first experiences 
Increased workload, especially in the evening shift 
Patients postoperative malaise 
Early recovery is not an important outcome for nurses 
Lack of evidence of mobilisation on day 0 

Fluid intake > 
800 ml and 
nutritional 
supplements > 
200 ml  
day 0 

The traditional postoperative 
nil by mouth regime is very 
inconvenient for patients 

Patients’ postoperative malaise, bad experiences with 
patients vomiting after first drink 
Lack of experience in selecting patients who really 
need a nil by mouth regime postoperatively 
Target of 800 ml oral fluids and 200 ml supplements 
not feasible in patients who return late from recovery 
room 
Lack of evidence of recommended ml of intake (Why is 
750 ml not enough?) 
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Care elements Facilitators to its imple-
mentation 

Barriers to its implementation 

Termination 
intravenous 
fluid infusion 
day 1 

No iv line is promotes mobili-
sation 

Patients’ postoperative malaise 
Lack of experience in selection of patients that do 
need iv fluids 

Solid food  
day 1 

Robust evidence that early 
nutrition is safe 

Patients’ postoperative malaise 
Lack of experience in selecting patients that should 
continue fasting 

Mobilisation > 6 
hours 
day 1 

Early mobilisation leads to 
early independency and thus 
to decreased nursing work 
load 

Patients’ postoperative malaise 
Lack of experience in selecting patients that should 
not be forced to mobilise 
Lack of evidence for recommended hours 
Patients not cooperative, rapid recovery is not an 
important outcome for patients 

Epidural remo-
ved on day 2 

Removal of epidural catheter 
promotes mobilisation 

Patients’ postoperative pain 
Standard removal of epidural conflicts with best prac-
tice of removal of epidural on the basis of patients 
pain scores 

Urinary cathe-
ter out 
day 2 

Removal of urinary catheter 
promotes mobilisation 
Increased risk of urinary infec-
tion is well known 

Patients’ postoperative malaise  

Discussion 

Summary of the main results 
This process evaluation demonstrated the complex reality of introducing a multi-
modal evidence based protocol in everyday practice. In the preoperative phase, the 
intended changes in process of care were successfully implemented. There were 
hardly any reasons for protocol violation, no doubts about the value of the recom-
mendations and few contra-indications and restrictions in patients. Protocol ad-
herence was facilitated by the appointment of a coordinator who fully controlled 
the application of the protocol. This was much more difficult in the postoperative 
phase where limits in time and staff, restrictions in patients that felt sick after sur-
gery, and motivational factors in care givers and patients hindered the adherence 
to the protocol. 
The lack of motivation to enhance recovery and to shorten hospital stay was the 
most unforeseen and probably most important barrier. Unforeseen, as in the per-
spectives of health workers “one leaves a hospital as soon as possible”. Most im-
portant because this barrier operated at the level of patients as well as nurses, 
anaesthetist and surgeons. Patients and colleagues that did not co-operate and 
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responded negatively, seemed to have a demotivating effect on the other partici-
pants. 
Patients considered early recovery and short hospital stay as not so important. 
Patients wanted to be cured “no matter how long that takes”. As to a recent study 
of patients expectations of colorectal surgery, complete cure was rated as most 
important, followed by the avoidance of a stoma, a reliable control of defecation, 
normal digestion and little pain16. 
At the nurses level, forcing rehabilitation conflicted with personal values as the 
desire to help patients and provide care, comfort and nurture17. There were con-
cerns about the medical appropriateness of early discharge, a potential reduced 
welfare of patients and increased need for domiciliary support. Nurses on the ward 
perceived no benefits of a short hospital stay as “the bed will be filled as soon as 
the patient has left”. The extra workload, a consequence of the increased patient 
flow18, negatively influenced the motivation to change practice. 
At the anaesthetist’ and surgeons’ level, the rate and quality of recovery were 
poorly accepted as new clinically relevant outcomes. Perioperative care remained 
driven by the assessment of anaesthetic- and surgery related complications and 
measures of postoperative morbidity (“as long as we do not have deaths and leak-
ages”). 

Strength and limitations of the current study 
The strength of this study was that the reported barriers and facilitators were actu-
ally reviewed during the process of care. Experiences, shortly after an intervention, 
were collected prospectively over a period of three years. Performance data were 
abstracted from medical records, but to improve the likelihood of reliable and 
complete data, the staff of the ward and the patients were frequently interviewed 
the first days after surgery. Direct observation of the behaviours and situation, and 
the use of a standardized and categorized report form prevented invalid conclu-
sions about non adherence by care givers themselves. 
Usually, an analysis of potential factors that may hinder or impede the implemen-
tation, precedes the implementation activities, as tailor made implementation 
strategies that are linked to perceived barriers may be more successful. The ERAS 
programme was implemented in a very intuitive and traditional way. Implementa-
tion activities were mainly concentrated on transfer of information to all involved 
professionals. There were no strategies to overcome barriers before the start of the 
project. 
One of the limitations of the study was that the study was performed in a single 
medical centre. Some barriers and facilitators may act at the local level and findings 
may not be generalisable. 
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Another limitation was that the prevailing professional and organisational culture 
were not evaluated. Changes in clinical practice are only partly within doctors’ 
control. Structural characteristics of an organisation e.g. the presence of an infra-
structure for quality and the involvement of clinical leaders, determine the effec-
tiveness of an innovation to a large extent7. The extent to which traditional rou-
tines deviated from the evidence based recommendations described in the ERAS 
protocol suggests that the clinical environment was not attractive to induce 
change. 
It was not possible to clearly define a realistic scale of change that can be achieved 
in a real live setting. In the ERAS protocol more than thirty recommendations re-
garding perioperative care are given. A selection was made of aspects that were 
considered to be strongly related to postoperative recovery. After analysing the 
performance data, postoperative nausea and vomiting (PONV) and pain appeared 
to be limiting factors in achieving an early recovery. The screening of patients at 
risk of PONV, the administration of a multimodal anti-emetic scheme and the ad-
ministration of postoperative analgesia were protocol elements that were not ana-
lysed. Therefore, it was not possible to assess to what extent postoperative nausea 
and vomiting (PONV) and pain could have been prevented 

Comparison with existing literature. 
Only one study actually measured the degree of protocol adherence and addressed 
the difficulties arising from the introduction of such a program in everyday prac-
tice19. The care elements that were evaluated in this study differed from the care 
elements evaluated in the current study and overall compliance rates could not be 
compared. Only 6 elements of care could be compared. The degree of protocol 
compliance regarding preoperative counseling, omission of bowel preparation, and 
prevention of hypothermia did not differ substantially. Epidural catheters were 
used in 70 percent of patients versus 95 percent in the present study, but this 
variation may be due to difference of definition (epidural functioning or epidural at 
all). Adherence to carbohydrate drinks prior to surgery and oral nutritional supple-
ments on day of surgery was less than reported in the present study ( 67 versus 87 
percent , 13 versus 29 percent respectively). The conclusions correspond with the 
findings of the present study: the overall compliance was judged to be low, proto-
col adherence in the postoperative phase was lower than in the preoperative phase 
and full implementation of an ERAS protocol was troublesome. 

Suggested strategies to promote the adoption of the ERAS 
protocol in every day practice. 
To gain internal support for the ERAS programme it should be launched as a inter-
national well-developed multidisciplinary guideline, published by a respected over-
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arching institution, showing that the provision of such care is consistent with cur-
rent professional knowledge20. 
Studying current practice and demonstrating discrepancies between actual and 
optimal care as described in the guideline, and setting up a local version of the 
guideline by reaching local consensus among the target group may strengthen the 
internal support21. The nurses might be more easily persuaded if they are well 
aware of the positive effect of the programme on fatigue, need for sleep and regain 
of functional capacities22; on earlier achievement of the discharge criteria and 
therefore facilitating early discharge23; on the patients’ satisfaction with the entire 
perioperative course without complaints about the timing of discharge24. Patients’ 
support to the protocol should be gained by translating early recovery and short 
hospital stay in patient centred outcomes such as an earlier capacity to participate 
in social events, to travel, to return to work etc25. 
Ensuring clinical leadership, the buy in of local opinion leaders26,27, the purposeful 
selection of the first patients that seem most fit to show successful outcomes and 
the feedback of these positive outcomes to the target group, may further promote 
the incorporation of the ERAS protocol in daily practice. 

Conclusion 

Although the ERAS protocol was implemented in a traditional and intuitive way and 
although many barriers and facilitators were identified, preoperative care was 
successfully changed and changes in postoperative care were realized in more than 
half of the patients. Understanding factors that hinder or enhance the implementa-
tion may be helpful for other institutions that deal with the need for a more sys-
tematic approach to implement the ERAS protocol. 
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Appendix 1. Enhanced Recovery After Surgery programme for patients undergoing colonic resection 

 
Before surgery 
Preadmission counselling 
No bowel preparation 
No preoperative fluid restriction 
Oral carbohydrate loading 
Day of surgery 
No pre-anaesthetic medication 
Single dose antibiotic prophylaxis 
Standard thoracic epidural 
Minimal incision 
No nasogastric decompression tube 
No drains 
Upper body forced air-heating cover 
Perioperative fluid restriction 
Paracetamol as baseline analgesic 
Oral fluids >800 ml 
Out of bed at all 
Oral nutritional supplements > 200 ml, 
Postoperative day 1 
Discontinuation of iv fluids 
Normal food 
Oral nutritional supplements > 400 ml 
Out of bed > 6 hours 
Postoperative day 2 
Discontinuation of epidural analgesia 
Urinary bladder drainage for the duration of thoracic epidural analgesia. 
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Chapter 7 

Perioperative care in elective colonic surgery in 
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“Ik ben naar de verjaardag van mijn nichtje geweest en  
tot half een ’s nachts gebleven”. 

Patiënt M, 5 dagen na de operatie 
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Abstract 

Aim 
Evidence-based multimodal perioperative care protocols currently elicit much in-
terest, because they seem to be instrumental in improving outcome of surgery 
both in terms of recovery and length of stay. However, recent reports in literature 
suggest that traditional care is still widespread and the available evidence and 
guidelines based on such evidence are not being adhered to. The aim of the pre-
sent study was to obtain information on the current situation in the Netherlands 
with respect to perioperative care in elective colonic surgery. 

Methods 
A retrospective chart review was performed in 2006 in 26 Dutch hospitals (one 
quarter of all Dutch hospitals). Information was gathered on various aspects con-
cerning perioperative care in elective colonic surgery performed in 2004, including 
the use of mechanical bowel preparation, nasogastric decompression tubes, tho-
racic epidural anaesthesia and resumption of oral intake. 

Results 
1165 patients were included in this study. Despite robust evidence in literature that 
mechanical bowel preparation does not have beneficial effects and may even be 
harmful, it was used in 71 % of patients included in this study. Likewise, there is no 
evidence to support the routine use of a nasogastric decompression tube, but it 
was left in place almost invariably. It took a median of five days for patients to 
resume a normal diet. 

Conclusion 
As recent as 2004 the actual standard of care for patients undergoing elective colo-
nic surgery in the Netherlands was lagging far behind the available evidence. 
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Introduction 

Colorectal cancer is one of the most common malignancies in the Netherlands, with 
some 9000 new cases each year. A colorectal resection is carried out in most cases. 
Including benign disease, approximately 13000 colorectal resections are carried out 
yearly in the Netherlands. Therefore any improvement in the standard of care in 
elective colorectal surgery will have a major impact. 
It has been clearly shown in elective colorectal surgery that patients benefit from a 
reduction of postoperative catabolism and neuro-endocrine stress response1. The 
reduction of catabolism and stress is achieved by using so-called multimodal pe-
rioperative care protocols also called fast track or enhanced recovery programmes. 
These protocols consist of a number of elements that form an evidence based best 
practice2. Prevention of unnecessary starvation, early postoperative nutrition and 
thoracic epidural anaesthesia/analgesia are some of the key measures that con-
tribute to an enhanced recovery after surgery. 
Recent reports suggest that perioperative care in colorectal surgery does not follow 
the available evidence3-5 .The present study was conducted to obtain comprehen-
sive data on current perioperative routines in elective colonic surgery in the Neth-
erlands, with a view to improving the standard of care by subsequent nationwide 
implementation of an Enhanced Recovery After Surgery (ERAS) protocol. 

Methods 

In late 2005 and early 2006, twenty six hospitals joined a structured implementa-
tion programme for Enhanced Recovery After Surgery (ERAS) in elective colorectal 
surgery in the Netherlands. As part of that programme, a retrospective analysis was 
done of the pre-existent standard of perioperative care in each of these hospitals. 
This was the starting point for a so-called Breakthrough Project for perioperative 
care in elective colonic surgery, that was organised by the Dutch Institute for 
Healthcare Improvement (CBO). The ERAS protocol published by Fearon et al2 was 
used for implementation. 
Each participating hospital was asked to review the charts of approximately 50 
consecutive patients or a one-year consecutive series of patients undergoing elec-
tive colonic resections above the peritoneal reflection from January 2004. This time 
period was chosen to avoid any influence of prior knowledge of enhanced recovery 
programmes. The items that were scored included demographic characteristics, 
length of stay, preoperative mechanical bowel preparation, the use of epidural 
analgesia and the day after surgery at which a nasogastric tube (if present) was 
removed, free fluid and free solid intake resumed and the drip taken down. 
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Data were entered into an Excel database. Results are generally given as median 
for all patients and range of per hospital median values. 

Results 

The 26 hospitals participating in this study consisted of 2 university hospitals, 13 
teaching hospitals and 11 non teaching hospitals. This represents approximately 
25% of all Dutch hospitals. In all, 1165 patients were included in the study period 
(between 35 en 72 per hospital). 
Mechanical bowel preparation was used in 71% of cases. Only 3 hospitals had 
abandoned the routine use of mechanical bowel preparation at the time of this 
study. 
All but one of the centres routinely used postoperative nasogastric decompression 
tubes. When a nasogastric tube was used (88% of cases), it was removed after a 
median of 2 (1-3) days. Fluid intake at will was resumed on day 2 (0-5). In 7 hospi-
tals free fluid intake was resumed one or even two days (median) after removal of 
the nasogastric tube (4 or 5 days after surgery). 
A normal diet was resumed as late as 5 days post-surgery (2-9). Intravenous fluid 
administration was discontinued on day 6 (4-7). 
Thoracic epidural anesthesia / analgesia was used in 52% of patients. Eleven hospi-
tals reported its use in more than two thirds of patients and five hospitals in less 
than one third. 
Median length of hospital stay from the day of operation was 9 days (5-12). 

Discussion 

Evidence is accumulating in literature that significant improvement in outcome of 
surgical procedures can be achieved by implementing multimodal perioperative 
care protocols6-11. These fast track or enhanced recovery programmes are com-
posed of a number of elements, each of which is supported by scientific evidence2. 
Three previous surveys of perioperative care in colorectal surgery have been re-
ported, all indicating that the available evidence is frequently not followed. Lassen 
et al3 conducted a postal survey concerning a hypothetical case of elective colonic 
surgery, which was sent to a large number of centres for digestive surgery in 5 
European countries. They obtained a response from 76 % of centres, including 36 
teaching hospitals in the Netherlands. Kehlet et al4 reviewed consecutive cases of 
colonic surgery in 295 centers in five European countries and the US during a 2 to 4 
week period. In all, 1082 patients were included in the latter study. Hasenberg et 
al5, in a manner much like the study by Lassen et al, sent a questionnaire to all 
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surgical units within Germany and Austria. The response rate in this study was only 
30%. 
The present study is the first to review every day clinical practice in perioperative 
care over a contemporary one-year period in a representative sample of hospitals 
in the Netherlands (26 of 101), with consecutive series of patients and adequate 
sample size per hospital. 
A selection bias cannot be excluded, since all hospitals in this study entered an 
implementation programme for enhanced recovery after surgery, so it was not a 
random sample of hospitals. The year 2004 was chosen because this was well be-
fore any of the participating hospitals had been approached for implementing an 
enhanced recovery after surgery programme and was thus felt to best represent 
contemporary care in the Netherlands. 
There is robust12 and still growing13,14 evidence that mechanical bowel preparation 
is not indicated in colonic surgery and probably not in rectal surgery either. Not 
only does it not prevent complications, but it may lead to dehydration, electrolyte 
disturbances, prolonged preoperative starvation and stress. However, in the pre-
sent series over half of all patients undergoing elective colonic surgery above the 
peritoneal reflection were still prepared for surgery in this way. Likewise, there is 
no evidence to support the routine use of postoperative nasogastric decompres-
sion. On the contrary, as was stated in a meta-analysis that was published over a 
decade ago by Cheatham et al15 the routine use of nasogastric tubes after elective 
laparotomy should be avoided, since for every NG tube really required in a patient, 
20 NG tubes will be inserted unnecessarily. This statement has henceforth been 
corroborated by several meta-analyses, the most recent of which contained over 
5000 patients from 33 RCT’s16. However, nasogastric decompression was still stan-
dard of care in all but one of the hospitals in the present study. 
In his questionnaire conducted in 2003, Lassen et al3 found that almost half of pa-
tients in the Netherlands were allowed free eating on day one. We found that a 
nasogastric tube was generally in place on day one and was most frequently re-
moved on day 2 or 3. Intake of fluids at will was frequently allowed before removal, 
but postponed for a day or more after removal of the nasogastric tube in 7 hospi-
tals. No sooner than the fifth postoperative day, half of the patients in this study 
were finally allowed a normal diet. This discrepancy between these two studies 
clearly illustrates that there may be a wide gap between the desired standard of 
care (which reflects an awareness of the available evidence in senior staff mem-
bers, who would have completed the Lassen questionnaire) and the day-to-day 
clinical practice17,18. 
A restriction in the administration of fluids in the perioperative period may acceler-
ate recovery of gut function and may reduce postoperative complications and 
length of stay19,20. Due to the retrospective nature of this study, it was deemed 
impractical if not impossible to quantify the amount of intravenous fluid adminis-
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tered in either the perioperative or the postoperative period. However, since the 
drip was taken down several days after the resumption of free fluid intake and 
mostly even after resumption of solid food, it is not very likely that fluid restriction 
was part of perioperative practice in these hospitals in the Netherlands as per 
2004. This is also in line with the general picture obtained from the present study 
that there is a difference between what is known and what is done. 
In the survey by Lassen et al3 the routine use of thoracic epidural analgesia was 
reported in 30 of 36 Dutch centers (83%). In the present study, only 11 of 26 hospi-
tals were found to use this technique in more than two thirds of patients. With only 
52% of 1165 patients actually getting thoracic epidural analgesia, it cannot truly be 
claimed as standard of care in the Netherlands as per 2004. 
The present report is to our knowledge the largest single country assessment of 
contemporary perioperative care. It confirms the lack of adherence to the best 
available evidence in perioperative care in colorectal surgery in the Netherlands. 
Effective implementation strategies are urgently needed to make professionals 
adhere to guidelines, thereby bridging the gap between what we know and what 
we do. 
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“Als dit een darmoperatie is!. Ik heb me voorgenomen,  
nu ga ik ook naar de tandarts” 

Patiënt K., 3 dagen na operatie 
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Abstract 

Aim 
There is abundant evidence that the routine use of nasogastric decompression 
following elective abdominal surgery is ineffective in achieving any goals it is in-
tended for. Nevertheless its use is still standard of care. The aim of the present 
study was to investigate whether it is possible to ban nasogastric decompression 
after elective colonic surgery. 

Methods 
At first baseline measurements concerning elements of perioperative care, includ-
ing 
nasogastric tubes, were recorded retrospectively over the year 2004. In 2006–2007 
the implementation of a fast-track colonic surgery project was guided by the Dutch 
Institute for Quality of Healthcare CBO, using Berwick’s Breakthrough approach. 

Results 
A total of 2007 patients were enrolled. The baseline measurement showed that the 
use of nasogastric drainage is still common practice in the Netherlands. 953 pa-
tients (88.3%) had a nasogastric tube postoperatively. That tube was removed after 
a median of 2.5 days (range 1–3 days). After the implementation of the break-
through project “Perioperative Care” the percentage of patients having a nasogas-
tric tube postoperatively dropped to 9.6% (p< 0.0001). 

Conclusion 
Our results show using the Breakthrough Methodology it is possible to eradicate 
the inappropriate routine use of nasogastric tubes. 
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Introduction 

The use of nasogastric tubes after colonic surgery is still common worldwide with 
the intention to hasten the return of bowel function, prevent pulmonary complica-
tions, diminish the risk of anastomotic leakage, increase patient comfort and 
shorten hospital stay.  
However, already in 1995, Cheatham and colleagues published the results of a 
meta-analysis of all published clinical trials so far comparing selective versus rou-
tine nasogastric decompression after elective laparotomy1. There conclusion was 
clear: routine nasogastric decompression is not supported by meta analysis of the 
literature.  
In July 2004, the Cochrane Database of Systematic Reviews published the results of 
their systematic review on the prophylactic decompression after abdominal sur-
gery2. That review was revised and up-dated in 20073. Patients not having routine 
tube use had an earlier return of bowel function, a decrease in pulmonary compli-
cations and no difference in risk of anastomotic leakage. So, according to the Coch-
rane Database, routine nasogastric decompression should be abandoned in favour 
of selective use of the nasogastric tube. 
In 2005, the ERAS group published the results of a comparison in five European 
centres of case mix, clinical management and outcomes following either conven-
tional or fast-track perioperative care in colorectal surgery4 . The article shows that 
in a representative university hospital in the Netherlands (University Hospital 
Maastricht) in 96% of the cases postoperative nasogastric drainage was used, in 
comparison to 0% in Sweden, UK, Norway and Denmark. This proved to be a good 
indicator of the overall situation in the Netherlands, as was later shown by Lassen5. 
This article, based on a questionnaire sent to the head surgeons of all digestive 
surgical centres in the five countries (NL, DK, NO, SE, UK) of the departments be-
longing to the ERAS group in 2003, shows that in the Netherlands in 78% of the 
cases a nasogastric tube was used postoperatively after elective colonic surgery. In 
36% of the cases the tube was removed on the first postoperative day. In 25% of 
the cases the tube was only removed when first bowel movement was present. 
This widespread use of postoperative decompression was only found in this survey 
in the Netherlands. This routine deviates substantially from guidelines based on 
abundant, high quality medical evidence. 
In 2006 the CBO (Dutch institute for quality in healthcare), organised a break-
through project in 26 hospitals in the Netherlands, in the context of the implemen-
tation of a fast-track colonic surgery project. This article shows the results concern-
ing the use and changes in use of nasogastric tubes after elective colonic surgery 
before and after the implementation of a fast-track project in a quarter of all Dutch 
hospitals. 
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Methods 

In 2005 and 2006 the CBO organised a ‘breakthrough project’ concerning the syn-
chronous implementation of a fast-track colonic surgery program in 26 hospitals in 
the Netherlands. First, all 26 hospitals assembled retrospectively data for a baseline 
measurement during a one-year period or on a consecutive series of 50 patients in 
2004. That period was chosen in such a way that fast track surgery wasn’t heard of 
yet in most hospitals, to avoid bias. 
Data were recorded concerning eight elements of perioperative care. Those ele-
ments were: length of stay, use of phosphate bowel preparation, use of thoracic 
epidural anaesthesia, use of nasogastric tube, time to start drinking, use of a step-
up oral intake regimen, time to normal food intake and duration of intravenous 
fluid intake. 
In this article only the changes in use concerning the nasogastric tube will be dis-
cussed. Following retrospective data collection, in 2006–2007 the elements of the 
fast-track protocol, according to the consensus by Fearon et al6 were implemented 
by all these hospitals. This implementation used Berwick’s Breakthrough Method-
ology7 and was closely monitored and guided for by the CBO. 
The breakthrough method has been developed by Donald Berwick and is known for 
its effectiveness in implementing changes in healthcare. A key element of the 
method is the so-called ‘plan-do-study act cycles’. 
For the present study, in January 2006 a starting meeting was organised where 
information was given about all the elements of the protocol and the various 
methods to implement it and, very importantly, the participating hospitals got 
acquainted with each other and had the possibility to exchange knowledge and 
practice experience. Each hospital had a contact person within the CBO, who was 
available at all times. Every three months a meeting with all participating hospitals 
was organised, at which the progress and pitfalls of every hospital were discussed. 
Each hospital kept the liberty of implementing the ERAS fast-track protocol in a 
manner they had chosen for: implementing one or several elements of the protocol 
at a given time or implementing all elements at once. 
During that period an online database was accessible for data recording for all 
hospitals and other members of the CBO–breakthrough project. The following 
elective operations were included: right colectomy, left colectomy, total colectomy, 
APR, and low anterior resection either open or laparoscopic procedures. 
Data are presented as median and range, unless stated otherwise. Statistics were 
performed using the Chi square test. 
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Results 

Per May 2007, exactly 2007 patients had been entered into the database. Of these, 
1165 patients had been enrolled in the retrospective part of the study (historic 
controls), whilst 842 patients had been studied during the ERAS fast-track imple-
mentation phase (ERAS group). Data on the use of nasogastric tubes were missing 
in 7,4% of patients in the historic control and in 1.8% of patients in the ERAS group 
(5.0% missing data in the whole group of 2007 patients), leaving 1079 patients for 
analysis in the historic control group and 827 patients in the ERAS group. 
The baseline measurement showed that the majority of hospitals were using a 
nasogastric tube postoperatively as a routine prior to the implementation of the 
ERAS programme, and hence 88.3% of patients had a nasogastric tube in the base-
line measurement (historic control group). Only one hospital had the policy to re-
move the nasogastric tube immediately after the operation. In the other hospitals 
the tube was removed after a median of 2.5 days (range 1–3 days). 
Following the structured implementation of the ERAS programme in the 26 hospi-
tals using the Breakthrough Methodology, the percentage of patients having a 
nasogastric tube postoperatively dropped to 9.6% (p < 0.0001) (Figure1). As could 
be expected, these results had a major influence on the results concerning time to 
start drinking, time to normal food intake, duration of intravenous fluid intake and 
length of stay. 
 

 
Figure 1. Use of nasogastric drainage before and after the implementation of a fast-track program. 
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Discussion 

The present study was undertaken to try and ban the routine use of nasogastric 
decompression tubes after elective colonic surgery in the Netherlands. The data 
confirm that as per 2004 the use of NG decompression after elective colonic sur-
gery was still part of standard care in the Netherlands, despite abundant evidence 
that this is not beneficial and probably even harmful to the patient. Equally, we 
show that it is possible to change everyday clinical practice using the Breakthrough 
Methodology. The routine use of NG decompression dropped from 88 % to below 
10% within a year’s time. 
Although our data are collected partially retrospectively, they are representative 
for the overall situation in the Netherlands5 mostly due to the large number of 
patients and hospitals (25% of all Dutch hospitals) included. A prospective data 
analysis at this point of time would probably be biased because of the rapidly grow-
ing fast-track climate. 
It is clear that the standard of perioperative care in Dutch hospitals following elec-
tive colonic surgery is not according to abundant medical evidence. It should be 
realised that this is not limited to Dutch hospitals, as also other European4,5 and 
North- American8 hospitals still apply this ‘standard’ care protocol. Furthermore, 
despite abundant evidence that NG tubes are unnecessary following elective lapa-
rotomy, there are still RCT being conducted about this subject9–11. 
It is well known that changing common practice in hospitals is hard and at all levels 
resistance is usually abundant. For example, a guideline sent to the concerning 
parties has the ability to change practice in only 8% of the cases, whilst repeatedly 
sending a guideline increases this figure to only 13%.  
The breakthrough project we described here can be a good aid for changing and 
implementing new protocols. We recommend other hospitals who want to imple-
ment fast-track to start with young, ASA I patients so everyone can get familiar 
with the new protocol and good results will be obtained more easily. You can 
choose to implement all fast track items at once or some items first; this choice has 
to be taken in cooperation with the staff involved. It is very important to have data 
available so collect data before and during the implementation of the new proto-
col. Finally, we recommend having various points in time at which an evaluation 
can take place with all parties involved and possible problems can be dealt with. 
This project should not be limited to the Netherlands, and these results should be a 
stimulus for other countries to undertake similar projects. 
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Conclusion 

These results show that the common practice in Dutch Hospitals concerning the 
use of nasogastric drainage after elective colonic surgery as per 2004 was not ac-
cording to evidence-based medicine. In fact, the use of a NG tube was still standard 
of care. In addition our results show that the implementation of evidence-based 
elements of a multimodal perioperative care protocol is possible over a short pe-
riod of time with the aid of the Breakthrough method. 
Over a one-year period the use of nasogastric drainage after elective colonic sur-
gery has almost been abandoned in 26 hospitals in the Netherlands. 
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“Ik ben weer begonnen met werken,  
er was geen reden meer om thuis te blijven”. 

Patient N, 14 dagen na operatie. 
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Abstract 

Aim 
It was shown that patients in the Netherlands remain exposed to unnecessarily 
prolonged starvation after abdominal surgery. The present study examined 
whether a structured collaborative effort would help to implement the early start 
of oral nutrition after colorectal surgery. 

Methods 
In 2006, twenty six Dutch hospitals signed up to a “breakthrough project” concern-
ing the implementation of the enhanced recovery after surgery (ERAS) programme 
with early oral feeding as one of the key-elements. Each hospital determined the 
usual start of food intake by analyzing 50 patients that underwent a colorectal 
resection in 2004 (n= 1126). Subsequently, over the course of one year 861 colo-
rectal surgery patients were treated according to the ERAS programme. The first 
day that patients were eating before and after the breakthrough project was com-
pared using Kaplan-Meier analyses and Cox regression models 

Results 
Patients treated according to the ERAS programme were eating 3 days earlier than 
the patients traditionally treated (p<0.000). Two days after surgery 65% of the 
ERAS patients were eating normal food versus 7% of the pre-ERAS patients. 

Conclusion 
The present nationwide collaborative effort was successful in implementing a 
change towards an early start of oral nutrition after abdominal surgery. 
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Introduction 

Traditional nutritional management of patients undergoing major abdominal sur-
gery has involved a period of “nil by mouth” with nasogastric decompression fol-
lowed by a clear liquid diet that gradually progresses to regular food on the 4th to 
5th day postoperatively1,2. The practice of “fasting until flatus and stools have 
passed” dates back for more than 100 years3.  
The rationale for this classical restriction of food after abdominal surgery was the 
anxiety that exposing the gastrointestinal tract to nutrition, would increase the risk 
of anastomotic dehiscence, aspiration pneumonia, bowel distension, bowel ob-
struction and nausea and vomiting. 
Recently, it has been demonstrated that there is no scientific evidence of increased 
risk of complications in patients who received early oral nutrition4,5. Early nutrition 
after elective open colorectal surgery is tolerated by over 70% of the patients6,7 . 
Of even greater importance for questioning the historical restriction of oral intake 
after abdominal surgery, besides the safety and feasibility of early nutrition, is the 
shift in outcome measures in modern surgical care. Hospital length of stay, cost 
effectiveness and patient centred outcomes like postoperative level of function, 
quality of live and patient satisfaction, have been added to the traditional physio-
logical outcomes mortality and morbidity8,9.  
It has been shown that early nutrition can help to improve energy and protein 
intake and decrease the negative impact of the metabolic response to surgery10,11. 
An earlier return to function may be achieved by reduced loss of lean body mass 
and muscle function12,13. Thus, the avoidance of pre-operative fasting and the re-
establishment of oral feeding as early as possible has become one of the key as-
pects of modern multimodal recovery programmes14. 
However, in spite of a large body of evidence for the safety, feasibility and benefits 
of early postoperative nutrition, surgical patients in the Netherlands remain ex-
posed to unnecessary postoperative starvation15. 
In 2005 the Dutch Institute for Healthcare Improvement (CBO), initiated a break-
through project “perioperative care in colonic surgery”, because this was felt to be 
an area ripe for improvement. The evidence based perioperative care programme 
of the ERAS group16 was incorporated as basis for the change. 
The current study evaluates whether the collaborative nationwide structured effort 
to implement the multimodal enhanced recovery after surgery programme in over 
25% of all Dutch hospitals resulted in an accelerated start of oral nutrition after 
colonic surgery. 
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Methods 

The Dutch Institute for Healthcare Improvement 
In 2005 the Dutch Institute for Healthcare Improvements (CBO) was asked to guide 
the simultaneous implementation of a multimodal perioperative care programme 
in four cooperating hospitals in the North of the Netherlands. Differences in every-
day practice hindered the necessary collaboration.  
The CBO identified the improvement of perioperative care practice as an interest-
ing topic for a nationwide breakthrough project. All Dutch hospitals were invited to 
participate and within a short timeframe 26 Dutch hospitals (one quarter of all 
Dutch hospitals) signed up for the Breakthrough Series “Perioperative Care” . A first 
series with twelve institutions started in January 2006 and a second series with 
fourteen hospitals in May 2006. 

The Breakthrough Series 
The Breakthrough Series is a quality improvement methodology, developed by the 
Institute for Healthcare Improvement, a non profit organisation dedicated to the 
improvement of healthcare systems in the United States and Canada. Key features 
of the methodology are plan-do-study-act cycles, cycles of continuously imple-
menting, measuring and refining small, rapid changes to create a large change that 
becomes standard practice. Changes are guided by the best available evidence. The 
design of each project covers a 12 month period. The Breakthrough Series “Pe-
rioperative Care” was motivated by the ready made multimodal care programme of 
the Enhanced Recovery After Surgery group16. 

The ERAS programme 
This evidence based care programme contains all the necessary elements of rou-
tine care for patients undergoing colorectal surgery. With the focus on stress re-
duction and promotion of return to function the ERAS programme aims at a faster 
recovery from major surgery16.  
Early nutrition is one of the key elements of the ERAS programme and to achieve 
an early start of nutrition, the programme recommends extensive preoperative 
patient information, avoidance of nasogastric decompression tubes, mid-thoracic 
epidural anaesthesia/analgesia with low doses of opioids, avoidance of fluid over-
load and a multimodal management of postoperative nausea and vomiting (5-HT3-
antogonist and/or Dehydrobenzperidol and/or Dexamethason).  
Patients should start drinking within 4 hours after surgery and are allowed to eat 
normal food on the first postoperative day. 
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Quality improvement intervention 
First, all hospitals gathered knowledge about their usual practice prior to the start 
of the project and retrospectively assembled data for a baseline measurement. A 
consecutive series of approximately 50 colorectal surgery patients operated before 
2005 in each of the participating hospitals (the pre-ERAS group, n=1126) was ana-
lysed. That period was chosen on the presumption that the ERAS programme 
wasn’t heard of yet in most hospitals. 
Patient characteristics, length of hospital stay and a limited number of crucial as-
pects of care (the use of bowel preparation, nasogastric decompression tubes and 
thoracic epidural analgesia and the time to resumption of solid food and to inde-
pendency of IV infusion) were abstracted from medical and nursing charts and 
were entered in a web-based central database. 
IIn preparation for the project, the participating hospitals created a multidiscipli-
nary team, including at least an anaesthetist, a surgeon and a nurse or nurse man-
ager. These teams were to direct local improvement activities and to attend the 
project meetings.  
A starting meeting was organised in January 2006 respectively May 2006, where 
information was given about all the elements of the ERAS programme and instruc-
tions were given about the various techniques of quality improvement. At the start-
ing meeting, teams got acquainted with each other and had the possibility to ex-
change ideas, knowledge and practice experience.  
Every three months learning sessions were organised, at which teams reported on 
activities, methods and results. 
Each hospital started with treating patients according to the ERAS programme as 
soon as the local dissemination activities (educational sessions to involved profes-
sionals, development of care plans, re-design of care processes) were finished. At 
the end of the project, one year after the kick-off meeting, 861 patients had been 
treated according to the ERAS programme (the ERAS group). 
An online database was accessible for the prospective collection of patient charac-
teristics, process indicators (protocol adherence, reasons for non-adherence) and 
outcome measures (length of stay and time to resumption of normal food, to inde-
pendency in activities of daily living (ADL)and to pain control on oral analgesics). 
Included in the present analysis were all colorectal resections above the peritoneal 
reflection. 

Statistics 
Data analyses were done with SPSS 15.0 for Windows XP. Potential differences in 
variables were tested by a Mann-Whitney test for ordinal data and a Chi-square 
test for categorical data. The time to resumption of normal food in the two study 
groups was compared with a univariate time-to-event analysis (Kaplan-Meier 
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curve) and the log-rank statistic was used to test the differences in time to resump-
tion of food. Additionally, a multivariable Cox regression analysis was performed 
with treatment according to the ERAS programme, study centre, age and gender as 
covariates. 
Some explanatory variables (ASA classification, side and type of resection) were not 
recorded in the pre-ERAS group. To evaluate whether differences in the distribu-
tion of these variables might have influenced the effect of the ERAS programme on 
the start of nutrition, subgroups with the different levels of these prognostic vari-
ables within the ERAS group were compared with the pre-ERAS group using Kaplan-
Meier analyses. 
P-values below 0.05 were considered to indicate statistical significance.  

Results 

Patient characteristics are shown in Table 1. There were no statistically significant 
differences between the two study groups regarding age and gender distribution. 
 
Table 1. Comparison of characteristics of patients before and after start of the ERAS programme. 

 Pre-ERAS 
n= 1126 

ERAS 
n= 861 

Age (mean) 65 65* 

Gender %  
   male 
   female 

 
51 
49 

 
50* 
50 

ASAa %  
   I/II 
   III/IV 

 
 NAb 
NA  

 
87 
13 

Side operation %  
   right 
   left 

 
NA 
NA 

 
45 
55 

Laparoscopic resection % NA 37 

* No significant differences 
a physical status classification system of the American Society of Anaesthesiologists; ASA I/II: no or mild 
systemic disease; ASA III/IV: severe systemic disease; b  data not available. 
 

The Kaplan Meier curves demonstrate that the median time to resumption of nor-
mal food decreased significantly (p<0.000) from 5 days in the historical control 
(pre-ERAS) group to 2 days in the ERAS group (Figure.1). A Cox regression analysis 
with the ERAS programme, study centre, age and gender as covariates confirmed 
that patients treated according to the ERAS programme had an accelerated start of 
normal food (hazard ratio 2.5, 95% CI 2.25 – 2.77, p<0.000). Study centre and gen-
der had no significant influence on the start of nutrition, where as older age was 
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associated with a delay in start of nutrition (Hazard Ratio 0.99/yr, 95% CI 0.92-
0.999, p=0.006). 
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Log Rank test: p<0.000 

 
Figure 1. Kaplan Meier curves comparing the time to resumption of normal food before and after the 
implementation of the ERAS programme. 

 
Additional Kaplan-Meier analysis to evaluate the influence of other explanatory 
variables such as ASA classification, side of operation and type of resection (figure 
2) showed that the median day that oral nutrition was started remained signifi-
cantly earlier in the ERAS group, independent of the level of these prognostic vari-
ables within the ERAS group. 
On the second day after surgery, 7% of the pre-ERAS patients were eating versus 
65% of the ERAS patients. The main reasons for delayed start of oral nutrition in 
the ERAS group were nausea and vomiting (21%) and reliance to tradition (13%) 
(nasogastric tube not removed at the end of surgery, use of traditional nutritional 
step up schedules). 
There were more men able to eat normal food on day 2 than women (68% versus 
62%, p=0.046). Postoperative nausea and vomiting as a reason for a delay in the 
start of oral intake of normal food was more frequently documented in women 
than in men (25% versus 16 %, p=0.003). 

------    ERAS 
——   pre-ERAS
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Log Rank test: p<0.000, ERAS versus pre-ERAS. 
No significant differences between ASA I/II and ASA III/IV in ERAS patients 
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Log Rank test: p<0.000, ERAS versus pre-ERAS. 
No significant differences between right sided and left sided resections in ERAS patients 
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Log Rank test: p<0.000, ERAS versus pre-ERAS. 
No significant differences between laparoscopic and open resection in ERAS patients  

 
Figure 2. Kaplan Meier curves comparing the time to tolerance of food of pre-ERAS patients versus ERAS 
patients with different prognostic variables. 

 

—  —      ERAS, laparoscopic resection  
--------     ERAS, open resection 
———    Pre-ERAS

—  —      ERAS, right sided resection  
--------     ERAS, left sided resection 
———    Pre-ERAS

—  —      ERAS, ASA I/II  
--------     ERAS, ASA III/IV 
———    Pre-ERAS
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Discussion 

The current study shows firstly that new insights regarding early oral intake after 
abdominal surgery were not widely implemented in daily practice in the Nether-
lands as per 2004. One quarter of the Dutch hospitals were involved in the present 
project and the data show that in daily practice of patients undergoing colorectal 
surgery in 2004 less than 10% of the 1126 patients were eating within 2 days after 
surgery. The majority of patients were subjected to a period of starvation that 
lasted 5-6 days. This practice deviates substantially from what would be considered 
evidence based medicine. 
Considering the overdose of information to which health care professionals are 
exposed (almost 10.000 well-organised trials are included in Medline every year17), 
it is hardly surprising that a lot of valuable new insights are not adopted in daily 
practice of patient care. Guidelines are an important intermediate step in the proc-
ess of implementation of scientific knowledge.  
The most recent scientific evidence regarding early nutrition is summarized in a 
Cochrane review5, which shows unequivocally that early feeding is feasible and 
safe. This is translated into useful recommendations that link up with everyday 
practice in the Guidelines on Enteral Nutrition of the European Society of Par-
enteral and Enteral Nutrition14 and the consensus review of clinical care for pa-
tients undergoing colonic resection of the Enhanced Recovery After Surgery 
group16. Patients should be encouraged to commence oral intake within 4 hours 
after surgery.  
Unfortunately, the availability of good quality information on evidence based prac-
tices and a successful dissemination of these practices very often do not suffice to 
change every day practice18,19. A systematic review of guideline implementation 
strategies noted a median improvement of 8% following the distribution of guide-
lines to professionals20. Guidelines do not implement themselves and need a com-
prehensive plan, targeting the different problems and barriers to change21,22. 
In 2005 the Dutch Institute for Healthcare Improvement (CBO) decided to support 
Dutch hospitals with the implementation of a multimodal perioperative care pro-
gramme, designed by the ERAS group16 via the Breakthrough Series, one of the 
major ways to accelerate the uptake of research findings in everyday practice 23. 
The current study shows that the breakthrough project “Perioperative Care in colo-
rectal surgery” was successful in accelerating the start of oral nutrition after ab-
dominal surgery. The first day that patients were eating after surgery decreased 
significantly from a median of 5 days to a median of 2 days. On the second day 
postoperatively, 65% of the ERAS patients were having normal food versus 7% of 
the pre-ERAS patients that received conventional care. Taking into account the 13% 
of patients that were not eating because of adherence to traditional nutritional 
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step-up schedules, early nutrition would have been feasible in almost 80 % of 861 
patients that underwent colorectal surgery between January 2006 and May 2007 in 
26 hospitals in the Netherlands. 
This study had some inherent limitations. First, the “before and after” study design 
may have been vulnerable to unmeasured confounding factors. For example, the 
most dramatic improvement of care was seen in a hospital were the complete 
surgical team changed between 2004 and 2006, whereas another hospital showed 
a slight regression towards more traditional care when the key leader of the project 
left the hospital.  
Another limitation of the present study was that most hospitals started the imple-
mentation of the ERAS programme in a selected group of patients. The expert panel 
of the project recommended, based on own experience, to start with ASA I/II patients 
that were undergoing a right sided resection, to try out the change without great risk 
and to convince the involved professionals of the success of the programme.  
Due to the nature of this implementation study, the data collection was restricted 
because time and resources were limited. The baseline measurement provided no 
information about ASA classification and type of surgery. It was therefore not pos-
sible to estimate the effect of the ERAS programme on the resumption of food 
using the Cox regression model with these variables as covariates. To disentangle 
the effect of the intervention from the effects of the patient selection, the different 
levels of ASA classification and type of surgery within the ERAS group were com-
pared with the pre-ERAS group using Kaplan Meier curves. It was shown that the 
start of oral nutrition remained significant earlier in the ERAS group, regardless of 
the ASA classification and type of surgery. 
One out of five patients experiences postoperative nausea and vomiting (PONV). In 
the past, PONV has been considered as a common adverse event after surgery and 
anaesthesia of minor medical importance. This may have been due to the fact that , 
so to say, PONV “almost never kills, and it never becomes chronic”24. In modern 
surgical care with a focus on patient-centred outcomes, the control of nausea and 
vomiting has grown in importance. PONV is unpleasant and associated with patient 
discomfort and dissatisfaction. Patients prefer to suffer from pain rather than post-
operative nausea and vomiting25 and are willing to pay a substantial sum of money 
for a completely effective anti-emetic26.  
The current study provides additional evidence that PONV is a crucial limiting factor 
in realizing an early start of oral nutrition after surgery. The ERAS programme rec-
ommends to diminish PONV with a selective and structured use of anti-emetics16. 
And although all participating hospitals defined a local protocol for the manage-
ment of PONV, still more than 20% of the patients were too sick to start eating 
again within 2 days after surgery. 
It is obvious that attention is particularly required for women that are undergoing 
colorectal surgery. Female gender is a major risk factor for PONV and as confirmed 
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by the current study, there was a significant higher proportion of women suffering 
from PONV than men. Various studies have demonstrated that oral nutrition is 
tolerated earlier by men because of anatomical differences. Women have a greater 
length of colon27and slower gastric emptying28 compared with men.  
All women that will undergo a laparotomy/laparoscopy have a moderate risk of 
PONV and thus should receive at least prophylactic monotherapy for PONV. A mul-
timodal treatment is indicated in all females who have a higher risk of PONV such 
as non smokers and those having a history of PONV or motion sickness29. 

Conclusion 

The breakthrough project Perioperative Care was successful in integrating evidence 
with regard to early oral nutrition into every day practice in colorectal surgery. 
Within the course of one year early oral nutrition was implemented in 26 hospitals 
in the Netherlands. The feasibility of early oral nutrition in almost 80% of the pa-
tients stresses the necessity of abolishing postoperative starvation. Patients can eat 
and drink immediately postoperatively. Structured PONV management is an impor-
tant pre-requisite for a successful early start of nutrition after abdominal surgery. 
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General discussion 
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Summary of main results 

Treatment of colorectal surgery patients according to an enhanced recovery after 
surgery programme leads to faster recovery and shorter hospital stay compared to 
patients that are traditionally treated. The introduction of the ERAS programme in 
every day practice resulted in a decrease of recovery time of two days and a de-
crease of length of stay of three days.  
Additionally, the implementation of the enhanced recovery after surgery pro-
gramme resulted in significant improvements of perioperative care. Preoperative 
patient information was structured, bowel preparation was cancelled, nasogastric 
decompression tubes were abandoned, epidural anaesthesia and analgesia became 
standard of care, bed rest was diminished and fasting regimes and step up sched-
ules of nutrition were abolished. 

Interpretation of these findings 

The concepts of efficacy, effectiveness and efficiency are worthwhile for interpreta-
tion of these findings. The British pioneer clinical epidemiologist Archie Cochrane 
defined three concepts related to testing and implementing new health care inter-
ventions1. Efficacy is the extent to which an intervention produces a beneficial 
result under ideal conditions (“Can it work?”). Effectiveness assesses whether an 
intervention is effective in “real world” conditions. (“Does it work in practice?”). 
Efficiency measures the effect of an intervention in relation to the resources, in-
cluding implementation efforts, it consumes (“Is it worth it?”)2. 

Efficacy 

Randomised controlled trials are the gold standard for establishing the efficacy of 
new interventions, for determining “the maximum potential benefit of a new inter-
vention in ideal circumstances and in a controlled environment”3. The ideal circum-
stances include highly selected participants who are likely to cooperate fully with 
the medical advice, who have no health problems other than the condition being 
investigated and who are not treated with concomitant medications. Participants 
receive special attention from expert practitioners who supplement or replace 
those employed in the usual clinical setting and follow the protocol carefully. 
Late in the nineties, Henrik Kehlet, hypothesised that the process of colon surgery 
could be improved leading to a reduction in hospital stay. He demonstrated the 
efficacy of a multimodal rehabilitation programme that combines preoperative 
education of patients, attenuation of surgical stress response, optimized pain relief, 
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enforced mobilisation and nutritional support. He reported a median hospital stay 
of two days of 60 colectomy patients that he treated according to his perioperative 
care programme at his institute. Within 48 hours patients had bowel movements, 
tolerated solid food, were spending on average ten hours out of bed and were 
recovered to home readiness4,5. 
With traditional perioperative care, hospital stay after colorectal surgery ranges 
between 10-12 days6 and Kehlet demonstrated that with a multimodal rehabilita-
tion programme the length of stay after colorectal surgery can be reduced dramati-
cally. However, this dramatic reduction in length of stay was derived from a local 
research setting under ideal circumstances. and in a controlled environment. The 
reproducibility of this reduction in length of stay in a real world setting with less 
controlled circumstances and environment was questioned, however. 

Effectiveness 

Effectiveness studies test the effect of an intervention under real world conditions 
in non-ideal circumstances comprising usual practitioners treating real patients 
who are frequently ambivalent about treatment, come from a variety of ethnic and 
socio-economic backgrounds and have significant co-morbidity7 
In 2001 the Enhanced Recovery After Surgery (ERAS) group, a collaboration of five 
departments of surgery, including the department of Kehlet, was established. The 
ERAS group reviewed the evidence base for individual components of multimodal 
rehabilitation programmes and developed a core protocol that represented the 
consensus of how colorectal surgery patients based on best available scientific 
evidence should be cared for8. The ultimate aim was to accelerate restoration of 
postoperative function, thereby improving clinical recovery and reducing length of 
stay. 
The present thesis describes the effectiveness of the introduction of the ERAS pro-
gramme in every day clinical practice. In 2001 the ERAS programme was imple-
mented in the five departments of the ERAS group and in 2006 in 26 hospitals in 
the Netherlands via the breakthrough project “Perioperative Care”. 
It was demonstrated that the implementation of the enhanced recovery after sur-
gery programme in every day practice was successful. The intended objectives of 
an improved clinical recovery and a reduced length of stay were achieved in all 
hospitals. Colonic surgery patients that were treated according to the multimodal 
care programme of the Enhanced Recovery After Surgery group were recovered a 
median of two days earlier and were discharged home a median of three days ear-
lier than traditionally treated patients for whom hospital stay was a median of 
eight to nine days. 
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Difference between efficacy and effectiveness 

However, a clinical recovery of a median of two days and a length of stay of a me-
dian of two days, as demonstrated by Kehlet, were not achieved in every day prac-
tice. Patients that enrolled the ERAS programme recovered in a median of three to 
four days and were discharged home on a median of five to six days. 
The current discussion compares the research circumstances in Kehlet’s studies to 
the every day circumstances under which the ERAS protocol was implemented in 
order to elucidate factors that influenced effectiveness. Understanding why the 
ERAS protocol did not produce the intended effects may provide valuable insights 
in the possibilities to further improve effectiveness. An improved effectiveness i.e. 
an enhanced recovery and a reduced length of stay, is not only of great importance 
for demonstrating the efficiency of the programme but is also essential for motivat-
ing the wide spread dissemination of the ERAS programme. 

Differences between research setting and every 
day circumstances 

Under experimental conditions patients may be highly selected, staff may be par-
ticularly punctilious, the protocol may be strictly followed and the organisation of 
care may be extraordinary efficient. Good research will explicitly eliminate bias that 
arise from a heterogeneous patient population and from any variation in exposure 
to the intervention9. 
The reproducibility of the beneficial effects of a programme in real world condi-
tions may thus be dependent on the extent to what patients, practitioners, level of 
implementation, and organisation of care deviate from the research setting. 
To explain why the intended results were not demonstrated in every day practice, 
four characteristics of the current ERAS study were compared with the conditions 
in Kehlet’s study: patient selection, actual exposure to the intervention (fidelity), 
organisation of care and expertise of practitioners. The comparison on these four 
characteristics, which is described in more detail in the next section of this chapter, 
showed indeed differences between the setting of Kehlet and the every day setting 
under which the ERAS protocol was implemented. No differences were seen in 
patient selection, but differences were demonstrated in the degree of implementa-
tion of the protocol, in the organisation of perioperative care and discharge and in 
the expertise of practitioners. It seems reasonable that the higher protocol compli-
ance, the better organisation of care and the more experienced practitioners have 
contributed to the superior outcomes in Kehlet’s efficacy studies 
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Patient selection 
Differences in patient selection may affect the time to recovery and the length of 
stay. Age older than 65 years, creation of a stoma and emergency procedures are 
well known traditional variables that significantly affect length of stay after colonic 
surgery6. Initial experiences with the implementation of the ERAS protocol in the 
five ERAS centres demonstrated that age above 60 years, ASA class above I, and 
complexity of surgery significantly influenced the time to recovery and the length 
of stay. 
In-and exclusion criteria were similar between Kehlet’s setting and the every day 
setting. Included were consecutive patients undergoing elective open colorectal 
resection above the peritoneal reflection for benign or malignant disease. Excluded 
were patients with age less than 18 years, patients who needed emergency surgery 
and patients requiring an end or diverting ileostomy or colostomy. 
Before implementation of the ERAS programme conventionally treated patients 
were compared to patients that enrolled the fast track programme in Kehlet’s cen-
tre. It was demonstrated that there were no differences in age, BMI, and gender10. 
After implementation of the ERAS programme a comparison of demographics 
demonstrated again that patients of Kehlet’s centre were comparable to the other 
centres. There were no significant differences with regard to age, distribution of 
sex, ASA classification, types of operation, and malignancy rates. 
The lack of differences in case mix weakened the argument that patients in Kehlet’s 
centre were highly selected. 

Actual exposure to the intervention, fidelity. 
Fidelity refers to the degree to which an intervention or programme is delivered as 
intended by the programme developers. By measuring whether an intervention has 
been implemented with fidelity it can be determined whether lack of impact is due 
to poor implementation. 
Standardisation of an intervention is an important prerequisite to test the efficacy 
of that intervention. One of the differences between a research setting and an 
every day setting might be the higher level of heterogeneity of treatment in the 
every day setting. In every day practice interventions are much more customised 
and due to the nature of a guideline practitioners may decide for several reasons 
that a deviation from the guideline is desirable.  
Kehlet showed an extremely high protocol compliance in all phases of periopera-
tive care. The average adherence to the various protocol care elements was 87 
percent. In the other centres overall compliance rates ranged between 42 and 70 
per cent. It was remarkable that in all centres preoperative care elements were 
more successfully implemented than postoperative care elements. Protocol care 
elements that consider early nutrition and enforced mobilisation had a compliance 
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score of less than 50 per cent. It seems reasonable to conclude that the poorer 
protocol compliance in every day practice might have had significant implications 
for the programme effect on recovery and length of stay. 
Any surgical procedure causes a stress response, a complex interplay of immu-
nologic, endocrine, inflammatory and metabolic pathways resulting in an increase 
in heart rate, blood pressure, blood glucose, adipose tissue mobilisation and pro-
tein brake down. The surgical stress response is related to the magnitude of surgi-
cal trauma and has a major impact on the recovery profile of patients. It has been 
demonstrated that diminished tissue injury (shorter incision length or minimal 
invasive surgery) led to an earlier recovery and a shorter length of hospitalisation11. 
Magnitude of surgery was compared using the P-Possum score, a method for stan-
dardizing patient data12. This P-Possum score includes an operative severity score, 
an addition sum of six operative factors: total blood loss, peritoneal soiling, pres-
ence of malignancy, mode of surgery, operative severity and number of proce-
dures. It was demonstrated that the P-Possum operative severity scores did not 
differ between the ERAS centres. 
However, this P-Possum operative score does not take into account differences 
between surgeons, deciding to do a smaller or more extended resection and using 
a short or a less short incision. It is thus not impossible that Kehlet’s’ patients un-
derwent less invasive surgery than the patients in the other centres. However, it 
seems not reasonable to explain the differences in recovery and hospitalisation 
rates by the differences in magnitude of surgery. A subgroup analysis of patients 
that underwent the least invasive surgery ( i.e. straightforward right hemicolecto-
mies) showed that even in this patient group a recovery and length of stay of two 
days was not achieved. 

Organisation of perioperative care. 
Kehlet documented the prerequisites for a successful implementation of the mul-
timodal rehabilitation programme: a multidisciplinary collaboration between the 
expert surgeon, anaesthetist and surgical nurse, a postoperative nursing map that 
provides detailed information of every postoperative side effect that preclude early 
recovery and discharge, multidisciplinary ward rounds twice a day for the purpose 
of making timely corrections in treatment of postoperative side effects, direction of 
patients to a specialized rehabilitation care unit with a focus on early mobilisation 
and nutrition, the provision of a system for telephone follow-up and a database to 
audit success of implementation 13 14.  
In every day practice, the organisation of care deviated considerably from Kehlet’s 
setting. Ward rounds twice a day, the expansion of the role of the anaesthetist 
beyond the post anaesthesia care unit, nursing care maps focussed on rehabilita-
tion and specialised rehabilitation units were not realised. There is no doubt that 
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the organisation of care in Kehlet’s centre being totally directed to early rehabilita-
tion, had a major influence on the time of recovery and length of hospitalisation. 

Organisation of discharge 
Traditionally, the discharge of clinical patients is guided by a subjective global as-
sessment of a patient’s well being. Threatening situations, close medical monitor-
ing and observation of any complication that may occur, administration of iv fluids 
or medications and specialised nursing care are considered as appropriate reasons 
for a patient’s stay in an acute hospital bed15. Usually, consultants discuss during 
ward rounds the appropriateness of the hospital stay and if it is felt that a longer 
stay if no longer appropriate, arrangements are made for the discharge of patients 
within a few days. 
 This traditional discharge process was challenged by Kehlet. He adopted the 
discharge scoring system of ambulatory surgery, a system developed to guide a 
physician’s assessment of the safety of discharge on the day of surgery. Kehlet 
defined criteria to assess the safety of discharge 48 hours after colonic surgery. 
Most essential was that the discharge was planned on the second day after surgery 
and that criteria defined the conditions that preclude the early discharge: organ 
function not restored and pain not under control with oral analgesia. Based on 
these criteria 53 percent of the patients included in Kehlet’s study could be sent 
home forty eight hours after surgery5. 
The ERAS group tried to regulate the discharge process by defining four discharge 
criteria that guide the assessment of a patient’s home readiness after colonic sur-
gery8. These discharge criteria defined the condition of the patient that no longer 
required the level of an acute hospital bed. It was demonstrated that indeed 70 per 
cent of the patients had no medically appropriate reason to stay in hospital after 
the discharge criteria were met.  
Unfortunately, the definition of discharge criteria failed to change the traditional 
discharge process in every day practice. Initial experiences showed that only 26 
percent of patients were sent home on the day that discharge criteria were met. 
The better organisation of the discharge process may thus partly explain the differ-
ences in length of stay between the research centre of Kehlet and the other cen-
tres. 

Expertise of practitioners 
The expert surgeon 
It has been demonstrated that minimal invasive procedures significantly reduce the 
time to recovery11, that the length of hospital stay is shorter when patients are 
cared for by surgeons experienced in using fast track protocols16 and that the pres-
ence of a key leader is important for a successful change of practice17. An expert 
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surgeon may be defined as some one who is specialised in minimal invasive tech-
niques in colorectal surgery, experienced in using fast track protocols and is a 
strong leader with skills in consensus development and knowledge in process engi-
neering. 

The expert anaesthetist 
An expert anaesthetist is trained to perform epidural and other neural block tech-
niques, is specialized in optimizing perioperative fluid regimes and is experienced in 
treating postoperative pain, nausea and vomiting. The ideal anaesthetist takes an 
active role in the later postoperative period in facilitating early recovery and must 
be motivated to play a central role in coordinating and stimulating the project. 

The expert surgical nurse 
Changing long-standing surgical nursing care principles is a major component of the 
total enhanced recovery package. An expert nurse is specialised in patient educa-
tion, trained to maintain patients pain free for the early postoperative period and is 
experienced in mobilisation of the patient in the early postoperative phase. The 
ideal nurse is willing to reconsider and revise traditional care principles. 

Clinical leadership 
In Kehlet’s research setting, one surgeon (Kehlet himself) operated all patients, one 
anaesthetist was involved in fast track surgery and one nurse played an important 
role in the execution of the protocol. In every day practice, clinical leadership was 
present in all hospitals that implemented the ERAS programme. Some hospitals had 
surgeons who played a major role in the implementation process, other hospitals 
had anaesthetist or nurses as clinical champions. Unfortunately, there was not one 
hospital that had all three: an expert surgeon and an expert anaesthetist and an 
expert surgical nurse. 
The lack of expert practitioners who carefully executed the protocol and were ex-
perienced in enhanced recovery after surgery programmes seemed to have played 
a major role in the success of programme implementation in every day practice. 

Closing the gap between research and every day 
practice 

The departure point for the development of an enhanced recovery after surgery 
programme was the availability of convincing scientific evidence that the outcome 
of colonic surgery could be dramatically improved by introducing a multimodal 
rehabilitation programme. It was obvious that a median length of stay of two days 
following elective colonic resection was such a huge reduction in conventional 
length of stay that it would be unethical not to consider the possibilities to intro-
duce such a programme in every day practice. A postoperative stay of 8 days fol-
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lowing elective colonic surgery was difficult to defend after Kehlets’ publication of a 
hospital stay of 2 days.  
The introduction of the ERAS guideline in every day practice resulted in a reduction 
of length of stay to a median of 5 days, which was considered as an acceptable 
improvement of effectiveness of care, all the more because it coincided with an 
improvement of appropriateness of care. However, there remained a gnawing 
sorrow that the intended results were by far not achieved. 
The previous evaluation of possible explanations for the reduced effectiveness in 
every day practice highlighted that there is still room for improvement. The effec-
tiveness of the ERAS programme might increase by an improvement of protocol 
adherence, a better organisation of perioperative care and discharge and an in-
creased experience with enhanced recovery after surgery programmes. 

Improving fidelity, actual exposure to the 
intervention/protocol adherence. 
It was demonstrated that the recommendations of the ERAS guideline were fre-
quently not applied in every day practice. A prospective process evaluation showed 
that especially in the postoperative phase there were many reasons not to adhere 
to the protocol. Patients were perceived as being too sick and miserable and in too 
much pain to drink or eat, to sit out of bed or walk around. Practitioners and surgi-
cal nurses experienced difficulties with determining when departure from the pro-
tocol was desirable. 
Most importantly, a shorter postoperative recovery period and a shorter length of 
stay were poorly accepted as reasons for changing routines. Perioperative care 
remained driven by the assessment of morbidity and mortality, nurses on the ward 
perceived no benefits of a short hospital stay and patients considered early recov-
ery and short hospital stay as not so important 

Improving the motivation to change perioperative care routines. 
The lack of motivation to enhance recovery and reduce length of stay was identi-
fied as one of the most important barriers to change practice. Gaining internal 
support appeared to be one of the greatest challenges in implementing the ERAS 
guideline in every day practice. It is important to recognise that different target 
groups may have different reasons to change (or not to change) and that the moti-
vation to change should thus be addressed to each group of participants. The ques-
tion “why should we change?” requires an almost individualised answer, tailored to 
the specific professions. 
Surgeons 
The most important reason for surgeons to implement the ERAS protocol is the 
improvement of quality of care. Traditionally, quality of care has been defined 
primarily in terms of safety of care, as “freedom from incidental injury”18. Prevent-
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ing deaths and leakages have always been the frontline concerns of colorectal sur-
geons. A decade ago quality of care moved beyond the safety of care and was de-
fined as “the degree to which health services for individuals and populations in-
crease the likelihood of desired health outcomes and are consistent with current 
professional knowledge”19. Effectiveness, the impact of health care on desired 
patient outcomes, and appropriateness, the degree to which health care adheres 
to evidence based processes, became important elements of quality of care.  
To improve surgeons’ compliance to the protocol the importance of these ele-
ments of quality of care needs to be elucidated and it should be emphasized that 
evidence based guidelines act as an important mechanism to improve effectiveness 
and appropriateness of care. Guidelines provide an overview of recent scientific 
literature, summarise potential benefits or limitations of interventions and present 
professional consensus of good medical practice. 
Anaesthetists 
In the past, anaesthetists were primarily concerned with providing the best possi-
ble intra-operative surgical conditions and prevention of anaesthetic related com-
plications with emphasis on cardiovascular and pulmonary morbidity that arises in 
the intra-operative and immediate post-anaesthetic period. This emphasis on the 
immediate postoperative phase played a major role in the lack of motivation to 
change perioperative care in accordance with the ERAS protocol. The recommen-
dations regarding anaesthesia and analgesia in the ERAS protocol aim at improve-
ments in the later postoperative phase that were not seen by the anaesthetists. 
Anaesthetists play a key role in improving effectiveness of surgery through their 
choice of preoperative medication, anaesthetics and techniques and the admini-
stration of prophylactic and adjective drugs that maintain organ system function 
and minimise side effects. 
The absence of an anaesthetist in the development of the guideline was frequently 
mentioned as another important reason that negatively influenced the motivation 
to change. The use of experience and expertise of the target group is an attribute 
of a guideline that helps the target group to consider the innovation as their own 
and encourages them to take responsibility for it20. Medical specialists, for exam-
ple, seldom use guidelines for General Practitioners21 and attribute much more 
value to guidelines developed by their own group. 
Nurses  
Nurses primary commitment is to help patients and provide care, comfort and 
nurture22. The ERAS programme was disseminated as a programme that aimed at a 
reduction in length of stay. Motivational problems arose because nurses felt that 
the change of practice was economically driven and comprised patients’ welfare. 
Nurses were concerned about the medical appropriateness of early discharge, 
reduced welfare of patients and increased domiciliary support. 
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To persuade nurses to change every day practice the effects of early mobilisation 
and early nutrition on better patient outcomes should be emphasised. Early mobili-
sation not only decreases the well known risk of thrombo-embolic complications, 
but also decreases pulmonary complications23 and improves wound healing. A 
structured recovery programme leads to less fatigue and need for sleep and an 
earlier regain of functional capacities24. It is important to emphasize that discharge 
criteria are the same as those of traditional care. Patients treated according to an 
ERAS programme achieve these criteria sooner and can therefore be discharged 
earlier. There is no increased need for support after discharge in patients who are 
sent home earlier24 25. 
The absence of a relation between longer stay and greater patient satisfaction is 
reassuring. Reducing length of stay and increasing patients’ satisfaction are there-
fore not conflicting goals. Patients who have longer hospital stay (after controlling 
for severity of illness) actually are less satisfied than patients with shorter stay26. 
Ninety percent of patients that were treated according to an ERAS protocol and 
that were sent home early were highly satisfied with the entire perioperative 
course with no complaints about the timing of postoperative discharge27. 

Improving a patient’s postoperative condition. 
Postoperative nausea and vomiting, pain, sickness, dizziness, grogginess and fa-
tigue were identified as most important reasons for a poor protocol compliance in 
the postoperative phase. Patients were perceived as being too miserable to eat and 
drink, to sit out of bed and walk around. As a consequence, intra venous fluids 
could not be stopped, the epidural and urinary catheter were left in place and dis-
charge criteria were not met on the second day after surgery. To improve protocol 
compliance in the postoperative phase these side effects of surgery need to be 
prevented or treated effectively. 
Preventing and treating postoperative side effects starts with the perception that 
side effects are a clinical relevant problem. In traditional surgery, postoperative 
side effects are accepted as a normal response to surgery and anaesthesia that 
resolve spontaneous within a few days. Side effects are rarely fatal and efforts to 
reduce side effects are mainly driven by the high levels of patient discomfort and 
dissatisfaction associated with side effects28. 
Changing this traditional thinking is essential within an enhanced recovery pro-
gramme. Side effects need to be recognised as important limiting factors of early 
nutrition, mobilisation and restoration of function. Increased attention should 
result in optimisation of prevention and treatment of side effects including a com-
bined effort of surgeons, anaesthetists and nurses in a multimodal approach.  
Surgeons play an important role in treating side effects by the use of minimally 
invasive techniques that reduce the degree of tissue trauma. Anaesthetists have a 
key role in minimising side effects through their choice of perioperative medica-
tion, anaesthetic and analgesic techniques. Surgical nurses are of great importance 
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because they contribute to the timely corrections of treatment by feeding back 
detailed information of every postoperative side effect that precludes early recov-
ery. 
The pathogenesis of side effects is multifactorial and effective treatment requires a 
multimodal modification of all mechanisms that lead to side effects. The ERAS pro-
tocol recommends more than twenty interventions that may affect the incidence of 
side effects8. This multimodality of the ERAS programme is an important limiting 
factor in optimising the treatment of side effects. It is very difficult to relate the 
occurrence of side effects to deficiencies in perioperative treatment. An experi-
enced multidisciplinary team is for that reason an important prerequisite for the 
treatment of side effects. A multidisciplinary team, that evaluates the incidence of 
side effects in the individual patient in relation to the performances of surgeon, 
anaesthetist and surgical nurse may find explanations for the failure of in principle 
effective treatment and may suggest interventions to optimise the treatment of 
side effects. 

Facilitating early mobilisation 
Facilitating the early mobilisation of the patient may further improve the protocol 
adherence. In 1991 Maastricht University Medical Centre moved to a newly build 
hospital. Nursing wards underwent revolutionary changes due to the re-evaluation 
of the role of the acute hospital bed15. The new patient rooms were fully directed 
to the expected higher severity of illness of the patient as a consequence of reduc-
tion of inappropriate hospital stay, shifts from inpatient to day surgery and chang-
ing demographics. Every patient room had a toilet and shower facilitation and was 
equipped with telephone, television and food facilities at bedside. 
A decade later, when introducing the ERAS protocol, this environment appeared to 
be one of the structural problems that hindered the successful rehabilitation. The 
surgical ward had no facilities that encourages mobilisation like main rooms where 
patients could spent time out of bed, having diner and watching television. Rebuild-
ing a part of the surgical ward to a rehabilitation unit, characterised by separation 
of acutely admitted patients from elective patients and a ward design which en-
courages rehabilitation was suggested several times, but this plan was not realised 
due to the low number of patients that would benefit of such a unit. Admission of 
enhanced recovery after surgery patients to the elective-only unit may be a good 
alternative. There are some preliminary data which suggest that patients may re-
cover more quickly in an elective-only unit29. But as it is not the operation, but the 
patient that is suitable for the elective-only ward, a careful selection of patients, 
taking into account social, medical (co-morbidity) and surgical criteria is of great 
importance. 
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Improving the discharge process 
During the implementation of the ERAS protocol several surgeons stated that a 
delay in discharge should not be experienced as trouble-some. An ERAS pro-
gramme primarily aims at an enhanced recovery and the implementation is suc-
cessful if patients recover faster after surgery.  
However, the rationale of the implementation of such a protocol is founded in the 
premise that an enhanced recovery will reduce length of stay and that reducing the 
time spent in hospital will reduce costs. As stated in the introduction of the current 
discussion, evaluation of a healthcare improvement should also take into account 
the efficiency of the programme: “Is it worth it? “. There is no doubt that the effi-
ciency of the ERAS programme is low when a subsequent reduction in length of 
stay can not be demonstrated. 
How to close the gap between recovery and discharge? Patients not willing to go 
home, nurses who doubt the appropriateness of discharge, consultants who delay 
discharge because of increased workload as a result of speeding the discharge 
process, patients staying over in the weekend; whatever the reason is for delay in 
discharge, they all come down to a bad organisation of the discharge process. 
A well organised discharge process starts before admission. A specialised nurse 
gains patients’ support for a short hospital stay by translating early recovery and 
short hospital stay in patient centred outcomes and in positive lifestyle events such 
as an earlier capability to do all hobbies, to go to social events, to travel and to 
return to work. The expected length of hospitalisation is discussed and patient and 
family are informed about the discharge criteria and the readiness to go home 
when discharge criteria are fulfilled. The specialised nurse reviews whether the 
patient lives alone and has any special needs and the role of the home help in per-
sonal care is explained. Problems that may delay discharge are thus addressed 
before admission and not on the moment of discharge. 
During hospital stay it is important to avoid sending conflicting messages about the 
discharge. It is important that patients do not feel that they are rushed into leaving 
the hospital. A daily round of a case manager that updates patients and family on 
the status of discharge and on all that needs to be done before discharge may help 
to improve the patient’s satisfaction of the entire discharge process. It has been 
demonstrated that general practitioners and nurses underestimate the need for 
information by patients and their family. 
A consultation at discharge should not only provide specific information regarding 
the monitoring of symptoms and emergency management, but also information 
about care of the wound, medication, diet, resuming activity and returning to work. 
Within an enhanced recovery programme, the discharge process does not end at 
discharge. A phone call within 48 hours after discharge checking the patient’s pro-
gress and clarifying the instructions, an easy access to medical and nursing advise 
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and the prompt readmission of a patient who experiences a major complication at 
home needs to be structured into the post discharge process to ensure safety after 
early discharge. 

Improving experiences with enhanced recovery after 
surgery programmes 
Lack of experience in deciding when to act according to the protocol and when to 
deviate from the protocol was identified as an important factor that hindered the 
implementation of the protocol. This problem relates to the nature of a guideline. 
A guideline usually takes a hypothetical standard patient as a point of reference 
and does not address the individual patient in every day practice30. All target 
groups experienced difficulties with applying the protocol in complex patients. 
Surgeons decided not to remove the nasogastric tube, not to start with fluids and 
food and to cancel the early mobilisation because surgery turned out to be more 
complex than expected. Anaesthetists decided not to place an epidural catheter in 
high risk patients because they felt more comfortable with traditional anaesthesia 
and analgesia. Nurses decided that patients who underwent complex surgery de-
served bed rest and fell back to traditional step-up schedules of nutrition. 
A commonly mentioned limitation of guidelines is the too rigid application of rec-
ommendations without appropriate deliberation (cookbook medicine). Our experi-
ences tend to the opposite. The guideline was not rigidly enough applied as many 
deviations of the guideline were judged to be unnecessary. A strategy that might 
be effective in finding the appropriate balance between application and deviation 
of the guideline is the use of local opinion leaders31. Local opinion leaders are re-
spected persons, with great influence within the domain of their leadership. They 
have a high credibility within the hospital, knowledge about the organizational 
structure and culture and a high personal commitment to the programme. Opinion 
leaders may act as the “clinical champions” and may play a major role in influenc-
ing the attitudes of individual practitioners and their decisions to act on new infor-
mation. Opinion leaders may promote the protocol, support the try out of the pro-
tocol, provide expert clinical consultation and monitor and feedback performance 
to the individual care givers. 

Some considerations 

A programme is likely to be worthwhile for wide spread dissemination if it is proven 
to be efficacious, effective and efficient. The efficacy of the ERAS programme has 
been demonstrated by Kehlet4,5 and has been confirmed by other controlled  
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trials16,32-35. A multimodal rehabilitation programme works under optimal condi-
tions. 
The present thesis demonstrated the effectiveness of the ERAS programme. The 
multimodal rehabilitation programme of the ERAS group works in real world condi-
tions. The first international study demonstrated that the ERAS programme was 
effective when implemented in every day practice. The other studies, performed in 
the Maastricht centre of the ERAS group and in the breakthrough hospitals in the 
Netherlands confirmed that the ERAS programme was still effective when the de-
veloper of the programme, Kehlet, was not involved. For broad dissemination of a 
programme it is desirable to have effectiveness studies that do not involve the 
developer36. 
The efficiency of the ERAS programme is not well documented. Only one single 
centre study compared costs of patients before and after the implementation of a 
clinical pathway for patients undergoing an elective total colectomy37. The mean 
hospital bills decreased in the pathway group, but it was not clear whether costs 
were transferred from the hospital to the post discharge environment. In general, 
reductions of hospital stay may have minimal effect on the costs of hospital admis-
sions and may even increase overall costs if bed occupancy is kept at a normal 
level38.  
More interesting is the recently demonstrated reduction in rate of postoperative 
complications in patients that were treated in accordance with a multimodal reha-
bilitation programme39. The economic impact of a rehabilitation programme may 
be more explicit when not only hospital stay as single factor is modified, but when 
the reduction in length of stay is accompanied by a reduction of postoperative 
morbidity. 
An economic evaluation of a programme focuses not only on the amount of benefit 
achieved by correcting inefficiency, but also on the required investment to realise 
these benefits. Thus, to answer the question whether the ERAS programme is cost 
effective not only the reduced need and demand for medical services needs to be 
taken into consideration but also the implementation costs, including costs for 
developing and executing the ERAS programme. The development of the pro-
gramme by an international working group, the appointment of a programme co-
ordinator to guide the execution of the protocol and the chosen implementation 
strategy may surely influence the efficiency of the ERAS programme. In the effec-
tiveness studies described in the present thesis two different methods of imple-
mentation were used. In the ERAS centres the programme was implemented in a 
traditional and intuitive way; implementation strategies were mainly focused on 
local dissemination of information to involved professionals. In the 26 Dutch hospi-
tals the programme was implemented via the breakthrough methodology. There is 
no doubt that the breakthrough methodology represented substantial investments 
of time and funding. Every participating centre paid to attend the breakthrough 
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project and the five learning sessions together with the local project team at a 
central location in the Netherlands generated supplementary costs. Unfortunately, 
it is not possible on this moment to conclude whether the investment in the par-
ticipation of the breakthrough project was worth the improvement in outcomes. 
The evaluation of the breakthrough project “Perioperative Care” is still ongoing and 
data are not yet available for publication. 
A recent systematic review of collaboratives40,41 concluded that the evidence un-
derlying quality improvement collaboratives is positive but still limited. Most of the 
studies included in this systematic review showed an effect on some of the se-
lected parameters. The huge variation in the topics and settings addressed in the 
different collaboratives made it impossible to draw any conclusions regarding the 
question of whether collaboratives are especially effective for specific topics or in 
specific settings. The effects of collaboratives cannot be predicted with great cer-
tainty and it is unclear when to apply a collaborative. More insight is needed into 
the factors that make collaboratives work, so that future collaboratives can be 
tailored to those factors. 
A sophisticated economic analysis is needed to demonstrate the efficiency of the 
ERAS programme and this systemic review of collaboratives emphasises the neces-
sity to take into consideration the value of the breakthrough methodology in rela-
tion to the ERAS programme. 

Recommendations for practice 

The ERAS programme did not produce the intended effects and to improve effec-
tiveness of the programme an improvement of protocol adherence, organisation of 
perioperative care, and experience with enhanced recovery after surgery pro-
grammes is suggested and a second cycle of improvement is recommended. 

A re-introduction of the ERAS protocol 
In 2008 the ERAS guideline was updated42 and this updating of the ERAS guideline 
motivates a re-introduction of the protocol. In the new version of the ERAS guide-
line an anaesthetist was involved as co-author. This involvement of the anaesthe-
tist needs to be underlined when re-introducing the ERAS protocol to the group of 
anaesthetists. The re-introduction of the programme needs to emphasise the im-
portance of integrating evidence in every day practice. The ERAS programme 
should be launched as an international well developed multidisciplinary guideline, 
published by a respected overarching institute, showing that the provision of such 
care is consistent with current professional knowledge. 
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A search for three clinical champions 
Clinical opinion leaders are considered key elements of successful change of prac-
tice. The identified lack of clinical leadership as important reason of reduced effec-
tiveness of the ERAS protocol, motivates the renewed search for three clinical 
leaders (a surgeon, an anaesthetist and a surgical nurse) that will guide the consoli-
dation of appropriate clinical care. 

A structural evaluation of process and outcomes of 
perioperative care 
The necessity to improve the quality of care and to start a second cycle of im-
provement may be illustrated by an up to date measurement of process and out-
come of every day practice showing that practice is not as appropriate and not as 
effective as it should be. Many care givers overestimate their performance and 
demonstrating the discrepancy between actual practice and ideal practice may act 
as an important motivator to change. Additionally, an ongoing process and out-
come evaluation is needed not only to demonstrate the effect of a second cycle of 
improvement, but also to evaluate the sustainability of the programme in the long 
term. Sustainability of a programme is the ultimate success criterion for an imple-
mentation process. 
The ERAS group developed a database to audit perioperative care within an ERAS 
programme. This database is localised on a password and firewall protected secure 
internet server. Each patient’s data field contains approximately 140 different vari-
ables including case mix determinants and elements of process as well as outcome 
of perioperative care. The programme provides users with reports on perioperative 
care and recovery, hospitalisation and complication rates. These reports per hospi-
tal and in comparison with other hospitals generate benchmarks of perioperative 
care and guide users to improving their performance. The ERAS database is a very 
suitable instrument to facilitate quality improvement initiatives 

Recommendations for further research 

To improve effectiveness of the ERAS programme, several research issues remain 
to be solved. These issues relate to the possibility to reduce inappropriate delayed 
discharge, the value of the anaesthetist employed beyond the post anaesthesia 
care unit and the exploration of innovative approaches. The efficiency of the pro-
gramme and the expansion of the programme to rectal surgery and acute proce-
dures are other important research issues that need to be solved. 
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The hospital admission coach. 
In a previous section of the current discussion is described what needs to be real-
ised to ensure a well organised discharge process. How to realise that is still not 
evident. Maastricht University Medical Centre starts a trial that explores the role of 
a hospital admission coach, a case manager/specialised nurse that coordinates the 
organisation of care before, during and after admission, thus including the organi-
sation of discharge. One of the aims of this study is to evaluate whether a better 
organisation of discharge process reduces inappropriate delay in discharge and 
results in a reduction in length of hospital stay. 

The anaesthetist as perioperative physician. 
Maastricht University Medical Centre is preparing a clinical trial that evaluates the 
effects of an optimised haemodynamic management guided by an anaesthetist 
participating in the early and late postoperative phase. This study includes a more 
active collaboration between anaesthesia staff and personnel in the surgical ward 
and may generate evidence of the added value of the cooperation of an anaesthe-
tist beyond the post anaesthesia care unit. 

Fluid management. 
Traditionally, perioperative fluid management has been liberal, but recently several 
studies have shown that a fluid excess may have detrimental effects on the cardio-
pulmonary system, may prolong recovery of gut function and may impair wound 
healing including healing of the anatomoses 43,44,45. Moreover, avoiding postopera-
tive fluid excess may be crucial to enhance recovery, reduce length of hospital stay 
and reduce morbidity463. Maastricht University Medical Centre starts a trial to test 
the effect of goal directed fluid therapy guided by oesophageal Doppler on a pa-
tient’s recovery. 

Enhanced Recovery After Surgery: Fact or Fiction? 

It is a fact that colorectal surgery patients that are treated according to an en-
hanced recovery after surgery programme recover faster and stay shorter in hospi-
tal than patients traditionally treated. The introduction of the ERAS programme in 
every day practice resulted in a decrease of recovery time by two days and a de-
crease of length of stay by three days. In addition, the implementation of the ERAS 
programme resulted in significant improvements of perioperative care. 
A recovery that fast that patients can be discharged within two days after surgery is 
still fiction, although there is no doubt that the bridge to a very fast recovery after 
major surgery will be build the next decade. 
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It is for sure that colorectal surgery will become short stay or even day-case sur-
gery. The majority of colorectal procedures will be performed laparoscopically, 
surgical wards will have separate units for high and low care patients, anaesthetists 
will become perioperative physicians, the perioperative care process will be guided 
by nurse practitioners specialised in colon care and postoperative recovery will 
become the most important indicator of quality of perioperative care. 
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Summary 

With traditional perioperative care, hospital stay after colorectal resection has 
ranged between 1-2 weeks. A decade ago, Henrik Kehlet demonstrated at the Hvi-
dovre University Hospital in Denmark a dramatic reduction of postoperative stay by 
changing traditional perioperative care routines to a “fast track” clinical pathway. 
Kehlet’s fast track programme combined a series of interventions that addressed 
traditional factors leading to prolonged hospital stay such as stress induced organ 
dysfunction, pain, nausea and vomiting, ileus, and fatigue. Modern concepts of 
patient education were combined with minimal invasive surgical techniques, opti-
mization of anaesthetic and analgesic regimens and enforced postoperative nutri-
tion and mobilisation. Treating colorectal surgery patients according to this multi-
modal rehabilitation programme resulted in an improved postoperative recovery 
and a reduction of postoperative hospital stay to a median of 2 days. 
Other single centre groups have subsequently confirmed that multimodal pe-
rioperative care programmes lead to a reduced length of hospital stay, less morbid-
ity, improved pulmonary function, reduced postoperative ileus, less pain and less 
fatigue.  
In 2000 the Enhanced Recovery After Surgery (ERAS) group was established, a col-
laboration of five university or specialised departments of surgery in Northern 
Europe. As there appeared to be a wide variation in the application of periopera-
tive care elements in multimodal rehabilitation programmes, the ERAS group con-
sidered the evidence base for individual components of perioperative care and 
developed a new multimodal perioperative care programme for patients undergo-
ing colorectal resections, the ERAS programme. Based on the best available scien-
tific evidence the guideline presented the consensus on how surgical patients un-
dergoing a colonic resection should be cared for. Using a multidisciplinary team 
approach, with a focus on stress reduction and early return of function, the ERAS 
protocol aims to allow patients to recover more quickly from major surgery. 

Aim of the thesis 

Evidence that a multimodal rehabilitation programme was superior to traditional 
perioperative care was already generated in various randomised controlled trials.  
Randomised controlled trials are the gold standard for establishing the efficacy of 
new interventions. Participants are highly selected, have no health problems other 
than the condition being investigated, are not treated with concomitant medica-
tions, are likely to cooperate fully with the medical advice and receive special at-

Thesis_Maessen_v15.pdf   148 11-9-2009   16:40:20



Summary 

 149 

tention from expert practitioners who supplement or replace those employed in 
the usual clinical setting.  
However, results of randomised controlled trials are often not reproducible in real 
life clinical practice comprising less controlled circumstances with usual practitio-
ners treating real patients. A protocol that works well in a controlled environment 
may thus  not work well in every day practice.  
The present thesis aimed to evaluate prospectively the effectiveness of a multimo-
dal rehabilitation programme implemented in every day practice, including all pa-
tients that are scheduled for a colon resection and all practitioners involved in 
colonic surgery with varying experience and acceptance of the principles of the 
enhanced recovery after surgery program.   
Besides effectiveness, the present thesis evaluated the feasibility of the change of 
traditional practice en the difficulties that arise when introducing the ERAS pro-
gramme in daily care.  
Part 1 discusses multimodal recovery programmes and describes the initial experi-
ences with implementing the ERAS programme in the five ERAS centres.  
Part 2 evaluates the implementation of the ERAS programme in the patient popula-
tion of the Maastricht University Medical Centre.  
Part 3 reports of the implementation of the ERAS programme in 26 hospitals in the 
Netherlands that participated to the breakthrough project “Perioperative Care”.  

Part 1. Initial international experiences 

Chapter 2 presents a review of fast track programmes in colonic surgery. Fast track 
programmes in colonic surgery include extensive preadmission counselling, no 
bowel preparation, no preoperative fasting, carbohydrate loading until two hours 
before surgery, no sedative pre-medication, thoracic epidural anaesthesia and 
short acting anaesthetics, minimal incisions, warm air body heating during opera-
tion, non-opioid pain management, avoiding of fluid overload, no routine use of 
nasogastric tubes and drains, early postoperative nutrition and mobilisation, stan-
dard laxatives and early removal of bladder catheters.  
The relative contribution of each of the single elements in the fast track pro-
gramme remains uncertain. For some care elements there is solid evidence that its 
implementation as a single modality results in less morbidity and/or an enhanced 
recovery. For other elements the evidence is less robust and the recommendations 
were based on consensus interpretation of the best available scientific evidence.   
To guarantee patients’ safety after early discharge, fast track programmes define 
clear criteria to be fulfilled before discharge. These discharge criteria include toler-
ance of solid foods, passage of flatus and/or stool, adequate pain control on oral 
analgesics and mobilisation and self support as to  preoperative level. There is no 
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increased need of domiciliary support because patients are discharged in the same 
condition as in a traditional setting. Fast track programmes recommend to dis-
charge patients “under supervision”. Patients should be contacted by phone within 
48 hours after discharge to ensure that there are no complications at home. Facili-
ties should be created for the prompt readmission of patients who do experience 
complications at home.   
An analysis of five fast track studies, two randomised and three controlled clinical 
trials, published between 1999 and 2004, demonstrated  that the overall hospital 
stay of patients treated according to a fast track programme was significantly 
shorter than the hospital stay of patients that were traditionally treated. Length of 
stay of fast track patients varied between three and six days. The early discharge of 
fast track patients had no influence on morbidity and mortality rates. Increased 
readmission rates after early discharge, as reported in Kehlet’s studies, were not 
confirmed.   
In 2001 the perioperative care guideline of the enhanced recovery after surgery 
programme was introduced in the five centres of the ERAS group: Kehlet’s fast 
track center in Denmark and the four other Northern European surgery centres 
that were, up to this introduction, adhering to a more traditional pattern of care. 
Chapter 3 describes  initial experiences with the implementation of the ERAS guide-
line within the centres of the ERAS collaboration.  
Between 2001 and 2004 four hundred and twenty five patients from the five cen-
tres of the ERAS group fulfilled the study criteria and entered into the ERAS pro-
gramme. The mean age of these patients was 67, almost a quarter had ASA grade 
III/IV. Two third of the patients had colorectal cancer and 16 percent of the pa-
tients underwent a complex multiple organ resection. Median length of postopera-
tive stay was five days. Total length of stay, including readmissions within 30 days 
after surgery, was a median of 6 days. There appeared to be a discrepancy between 
the moment that patients were recovered to the level of being ready to go home 
and the moment of actual discharge. Patients did leave hospital only a median of 
two days after fulfilling the preset recovery criteria for hospital discharge.  
The study demonstrated a significant difference in proportion of patients with a 
delay in discharge between the centre of Kehlet and the other traditional care 
centres. In Denmark 66 per cent of the patients left the hospital on the day of dis-
charge compared to 26 per cent of the patients in the other centres.   
A multivariate analysis of factors that might influence length of stay demonstrated 
that the ability to discharge patients when they had reached functional recovery 
and previous experience with rehabilitation programmes were strongly associated 
with reduced length of stay. The development of major complications was strongly 
associated with a prolonged length of hospitalisation.   
The study also showed that changing traditional perioperative routines was trou-
blesome. Protocol adherence was high before and during the operation but fell 
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considerably in the immediate postoperative phase. The postoperative goals of 
mobilisation, nutritional supplements and intravenous fluids were achieved in less 
than half of the patients.  
The main conclusion was that to achieve a dramatic reduction in length of hospi-
talisation after colonic surgery a more complete protocol compliance, more experi-
ence and a better organisation of care may be required.  

Part 2. Experiences at Maastricht University 
Medical Centre 

Between 2003 and 2006 one hundred and thirty two elective colorectal surgery 
patients entered into the ERAS protocol in the Maastricht site of the ERAS collabo-
ration. A prospective case series implementation study was performed, comparing 
ERAS patients to  a historical control group of fifty five consecutive patients tradi-
tionally treated in 2001, the year that the ERAS programme was not heard of yet. 
The pre-ERAS patients were evaluated by a retrospective review of medical and 
nursing charts.  
In chapter 4 the discrepancy between recovery and discharge, observed  in the 
multicentre study of the ERAS group, was studied. It was demonstrated that this 
discrepancy existed to the same extend before as after the introduction of the 
ERAS programme. Only 10 per cent of patients were discharged on the day that 
recovery indicators were fulfilled. It was remarkable that the extent of the delay 
was significantly shorter in the ERAS group. ERAS patients were discharged a me-
dian of 1 day after recovery criteria were fulfilled where as pre-ERAS patients were 
discharged a median of 2 days after fulfilling recovery criteria. A reduction in length 
of stay of a median of one day after institution of the ERAS programme was thus 
not achieved by an enhanced recovery, but by a reduced delay of discharge.  
The additional stay after recovery was evaluated using the Dutch Appropriateness 
Evaluation Protocol, a validated instrument to assess the appropriateness of the 
hospital stay. According to this instrument fifty nine per cent of the traditionally 
treated patients and sixty nine percent of the patients treated according to the 
ERAS programme had no medical reason to stay in hospital after discharge criteria 
were fulfilled.  
The ultimate aim of an enhanced recovery after surgery programme is “to allow 
patients to recover more quickly from major surgery”, thus facilitating earlier dis-
charge and reducing length of stay. The study demonstrated that discharging pa-
tients on the day of recovery may result in a reduction in length of hospitalisation 
of a median of two days, independent of the success of the guideline on shortening 
the postoperative recovery period.  
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In chapter 5 the effect of the ERAS programme on recovery per se was evaluated. 
Clinical recovery was defined as the first day after surgery that a patient fulfilled 
the four discharge criteria: tolerance of food, defecation, pain control on oral anal-
gesics and nursed back to ADL independency.  
It was demonstrated that patients treated according to an ERAS programme were 
eating three days earlier, were ADL independent two days earlier and had pain 
control on oral analgesics one day earlier than traditionally treated patients. Re-
covery time significantly decreased from a median of six days to a median of four 
days.  
A recovery in two days as demonstrated by Kehlet could by far not be achieved in 
daily practice and appeared to be a too ambitious implementation goal. Not achiev-
ing preset implementation goals will leave a poor impression of the programme not 
only on caregivers but also on patients and may have a detrimental effect on moti-
vation to change. For hospitals that are adhering to a traditional pattern of care 
and that view the challenge to change perioperative care routines, a clinical recov-
ery in three days in non complex colorectal surgery patients is suggested as a feasi-
ble, but still ambitious implementation goal.   
As was shown in the multicentre study of the ERAS group, the implementation of 
the protocol in every day practice was troublesome. In chapter 6 a prospective 
process evaluation is described that identified reasons for non compliance to the 
ERAS protocol. An expert panel translated identified reasons into barriers and facili-
tators to change practice. Understanding factors that hinder or facilitate the im-
plementation of the ERAS programme may be helpful for other hospitals that are 
planning the introduction of the ERAS protocol into their clinical practice. The proc-
ess evaluation confirmed that it was not difficult to change routines before and 
during surgery. Compliance before surgery was high because there were hardly any 
reasons for protocol violation, no doubts about the value of the recommendations 
and few contra-indications in patients. Change of postoperative care principles was 
much more problematic. Early nutrition and mobilisation as to the prescheduled 
care plan were realised in less than half of the patients. Limits in staff and time, 
restrictions in patients that felt miserable after surgery and motivational factors in 
care givers were identified as most important reasons for failure of implementa-
tion.  
The reduced discomfort of patients because of cancellation of unpleasant tradi-
tional practices, the appointment of a nurse coordinator and the high level of evi-
dence supporting key-elements of the programme were defined as important facili-
tators of implementation. Most important barriers of the implementation were the 
lack of patients’ well being postoperatively, lack of experience in new routines, lack 
of robust evidence behind some of the recommendations and a poor focus on 
recovery as important outcome of care.   
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The lack of motivation to enhance recovery and reduce length of hospital stay was 
considered the most unforeseen and probably most important barrier to change 
traditional care. Unforeseen, as in the perspectives of health workers “one leaves a 
hospital as soon as possible”. Important, because this barrier operated at the level 
of patients as well as nurses, anaesthetists and surgeons. To promote the adoption 
of the ERAS programme in every day practice strategies that address this motiva-
tional problem are suggested, such as the dissemination of the protocol as an in-
ternational well-developed multidisciplinary guideline, published by a respected 
overarching institution, the buy in of local opinion leaders and the purposeful se-
lection of the first patients.  

Part 3. Experiences in the Netherlands 

In 2005 and 2006 the CBO, the Dutch institute for quality in healthcare organised a 
breakthrough project, concerning the synchronous implementation of the multi-
modal care programme of the Enhanced Recovery After Surgery group. All Dutch 
hospitals were invited to participate and within a short timeframe twenty six hospi-
tals in the Netherlands (one quarter of all Dutch hospitals) signed up for the Break-
through Series “Perioperative Care” . Prior to the start of the project, all hospitals 
gathered data for a baseline measurement. A consecutive series of approximately 
50 colorectal surgery patients per hospital, operated in 2004, was analysed. Data of 
1265 patients were entered in an Excel database. 
In chapter 7 results of the baseline measurement of contemporary perioperative 
care in the Netherlands are presented. The study showed a median length of stay 
after colorectal surgery in the Netherlands of nine days. Based on best available 
evidence bowel preparation and nasogastric decompression tubes are not indi-
cated, normal food should be re-started within 24 hours after surgery and thoracic 
epidural analgesia is recommended in colonic surgery.  
The baseline measurement demonstrated that mechanical bowel preparation was 
still used in all hospitals. One centre had the policy to remove the nasogastric de-
compression tube at the end of surgery. All other centres routinely used postopera-
tive nasogastric decompression tubes. The nasogastric tube was removed after a 
median of 2.5 days and fluid intake was resumed after a median of two days. Solid 
foods were resumed a median of five days after surgery and i.v. fluids were discon-
tinued on a median of 6 days. Eleven hospitals used thoracic epidural analgesia 
routinely, five hospitals in less than one third of the cases.  
This study confirmed the lack of adherence to the best available evidence in pe-
rioperative care in colorectal surgery in the Netherlands. Effective implementation 
strategies are urgently needed to bridge the gap between what we know and what 
we do.  
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In chapter 8 the effect of the implementation of the ERAS programme via the 
breakthrough project “Perioperative Care” on the use of nasogastric tubes was 
described. Although there is abundant evidence that the routine use of nasogastric 
decompression following elective abdominal surgery is ineffective in achieving any 
goals it is intended for, the baseline measurement of contemporary care in one 
quarter of the Dutch hospitals demonstrated that 88.3 per cent of colorectal sur-
gery patients still had a nasogastric tube that was removed after a median of 2.5 
days.   
The Breakthrough Series covers a period of 12 month. Within this period 827 pa-
tients had been treated according to the ERAS programme. It was demonstrated 
that the routine use of nasogastric decompression tubes dropped to below 10 
percent. Within a year’s time the inappropriate use of nasogastric decompression 
tubes was eradicated in one quarter of Dutch hospitals.  
In chapter 9 the influence of the structured implementation of the ERAS guideline 
via the Breakthrough Series on the early start of oral nutrition is described. There is 
a high level of evidence that early re-establishment of oral nutrition after abdomi-
nal surgery does not increase complication rates, is tolerated by over 70 per cent of 
the patients and that early nutrition can help to decrease the negative impact of 
the metabolic response to surgery.  
However, in spite of a large body of evidence that early nutrition after abdominal 
surgery is safe, feasible and beneficial, the baseline measurement of conventional 
care in the Netherlands showed that the new insights regarding postoperative 
nutrition were not implemented in daily practice. In 2004 less than 10 per cent of 
colonic surgery patients were eating within 2 days after surgery. The majority of 
patients were subjected to a period of starvation that lasted five days.  
One year after the start of the breakthrough project “Perioperative Care”  the me-
dian time to resumption of normal food decreased significantly from 5 days to 2 
days. In 2004  seven percent of colonic surgery patients were eating normal food 
within two days after surgery compared to 65 per cent of the patients entered in 
the ERAS programme via the breakthrough project “Perioperative Care”.  
Thus, the synchronous implementation of the ERAS guideline in 26 hospitals in the 
Netherlands was successful in realizing early oral nutrition after abdominal surgery.  

Enhanced Recovery After Surgery: Fact or Fiction? 

It is a fact  that colorectal surgery patients that are treated according to an En-
hanced Recovery After Surgery programme recover faster and stay shorter in hos-
pital than patients traditionally managed. The introduction of an Enhanced Recov-
ery After Surgery programme in daily practice resulted in a reduction of recovery 
time of two days en a reduction of length of stay of three days. Additionally, the 
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implementation of the ERAS programme resulted in significant improvements of 
perioperative care.  
A recovery in two days, as shown in randomised clinical trials, is still fiction, al-
though there is no doubt that the bridge to a very short recovery will be build the 
next decade.  
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Samenvatting 

De traditionele opnameduur na colorectale resecties varieert tussen de 1 en 2 
weken. Einde jaren negentig toonde Henrik Kehlet, een Deense chirurg, aan dat de 
opnameduur drastisch kon worden gereduceerd door een “snelherstel” program-
ma in te voeren. Dit snelherstel programma bestond uit een serie interventies die 
gericht waren op traditionele factoren die leiden tot verlengde opnameduur zoals 
stress geïnduceerd orgaan falen, pijn, misselijkheid en braken, ileus en vermoeid-
heid. Intensieve patiëntenvoorlichting werd gecombineerd met minimaal invasieve 
chirurgie, optimale anesthesie, adequate pijnstilling en geforceerde vroege voeding 
en mobilisatie. Het behandelen van colorectale chirurgiepatiënten volgens dit mul-
timodaal herstel programma resulteerde in een versneld postoperatief herstel en 
een afname van de postoperatieve ligduur tot een mediaan van 2 dagen. 
Andere groepen bevestigden nadien dat multimodale herstelprogramma’s niet 
alleen leiden tot een reductie in opnameduur maar ook tot minder morbiditeit, 
verbeterde longfunctie, afname van postoperatieve ileus, minder pijn en minder 
vermoeidheid. 
In 2001 werd de “Enhanced Recovery After Surgery (ERAS) ” groep opgericht, een 
samenwerkingsverband tussen vijf universitaire/gespecialiseerde chirurgische cen-
tra in het noorden van Europa. Aangezien er een grote variatie bestond in de toe-
passing van zorgelementen binnen de multimodale herstelprogramma’s van de 
diverse onderzoeksgroepen, evalueerde de ERAS groep de wetenschappelijke basis 
van herstelprogramma’s en ontwikkelde op basis van het best beschikbare weten-
schappelijk bewijs een nieuw perioperatief zorgprotocol voor patiënten die colo-
rectale chirurgie ondergaan, het ERAS programma. Het ERAS programma focust op 
een sneller herstel na darmchirurgie door reductie van de chirurgische stress res-
pons en stmulering van vroeg herstel van functies. 

Inhoud van dit proefschrift 

Wetenschappelijk bewijs dat een multimodaal herstelprogramma superieur is aan 
traditionele zorg is geleverd in diverse gerandomiseerde klinische onderzoeken. 
Gerandomiseerde klinische onderzoeken zijn de gouden standaard om de effectivi-
teit van nieuwe behandelingen aan te tonen. De behandeling wordt namelijk toe-
gepast bij geselecteerde patiënten die geen andere ziekten hebben dan de ziekte 
die onderzocht wordt, die geen met de behandeling interfererende medicijnen 
gebruiken en die het medisch advies correct opvolgen. Bovendien worden deze 
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patiënten door klinische experts behandeld die het onderzoeksprotocol zorgvuldig 
uitvoeren. 
Echter, de resultaten van gerandomiseerde klinische onderzoeken zijn vaak niet 
reproduceerbaar in de dagdagelijkse klinische praktijk, waar patiënten bijkomende 
ziekten hebben, medicijnen gebruiken die de interventie beinvloeden, minder coö-
peratief zijn in de opvolging van medische voorschriften en waar vele zorgverleners 
betrokken zijn bij de uitvoering van de zorg. Een protocol dat effectief is onder 
ideale onderzoeksomstandigheden is dus niet noodzakelijkerwijs effectief in de 
dagdagelijkse praktijk. 
Het huidig proefschrift evalueert prospectief het effect van de implementatie van 
het multimodale herstelprogramma van de ERAS groep in de dagdagelijkse praktijk. 
Hierbij worden alle patiënten betrokken die in aanmerking komen voor een colo-
rectale resectie en alle zorgverleners rondom colorectale chirurgie met wisselende 
ervaring en acceptatie van de principes van een snelherstelprogramma. 
Centraal in het huidige proefschrift staan naast het effect van het ERAS programma 
in de dagdagelijkse praktijk en de haalbaarheid van de verandering van traditionele 
zorg, ook de problemen die zich voordoen bij het veranderen van de traditionele 
praktijkvoering. 
In deel 1 worden snelherstelprogramma’s geëvalueerd en worden de eerste erva-
ringen met de implementatie van het ERAS programma in de vijf ERAS centra be-
schreven. Deel 2 analyseert de implementatie van het ERAS programma in het 
Maastricht Universitair Medisch Centrum. Deel 3 rapporteert over de implementa-
tie van het ERAS programma in 26 Nederlandse ziekenhuizen die deelgenomen 
hebben aan het doorbraakproject “Perioperatieve Zorg”. 

Deel 1. Eerste internationale ervaringen 

Hoofdstuk 2 beschrijft de toepassing van snelherstelprogramma’s in colon chirur-
gie. Sleutelelementen van snelherstelprogramma’s zijn minimaal invasieve chirur-
gie, adequate pijnbestrijding en geforceerde rehabilitatie, die vertaald zijn in een 
aantal zorgelementen: uitvoerige patiënteninformatie, geen darmvoorbereiding, 
koolhydraatload 2 uur voor operatie, geen premedicatie, thoracale epidurale anes-
thesie, kort werkende anesthesie middelen, minimale incisies, preventie van hypo-
thermie tijdens operatie, pijnbestrijding zonder opiaten, voorkomen van overvul-
ling, geen routinematig gebruik van maagsondes en drains, vroege postoperatieve 
voeding en vroege mobilisatie, standaard gebruik van laxantia en vroege verwijde-
ring van blaaskatheters. 
De relatieve bijdrage van de diverse zorgelementen aan een versneld herstel en 
een korter verblijf blijft onduidelijk. Voor sommige zorgelementen is er solide be-
wijs dat de implementatie van het element als op zichzelf staand element resul-
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teert in minder morbiditeit en/of in een versneld herstel. Voor andere elementen is 
het bewijs minder robuust en is de aanbeveling meer gebaseerd op interpretatie 
van het best beschikbare bewijs. 
Om de veiligheid van de patiënt te garanderen bij een vroeg ontslag, definiëren 
snelherstelprogramma’s duidelijke criteria die moeten zijn vervuld voordat de pati-
ent ontslagen kan worden. Deze ontslagcriteria zijn: tolerantie van normale voe-
ding, defaecatie of flatus, adequate pijnbestrijding op basis van orale pijnmedicatie 
en mobilisatie op preoperatief niveau. Deze criteria wijken niet af van de traditio-
nele setting en patiënten worden dus in dezelfde conditie ontslagen als voor de 
introductie van het snelherstelprogramma. Het vroege ontslag heeft dan ook geen 
toename van thuiszorg tot gevolg, maar er wordt aanbevolen om patiënten binnen 
48 uur na ontslag te bellen en te checken of er geen complicaties thuis zijn en om 
faciliteiten te creëren die een snelle opname van de patiënt mogelijk maken als 
complicaties zich zouden voordoen. 
Vijf klinische onderzoeken (twee gerandomiseerde en drie gecontroleerde klinische 
trials, gepubliceerd tussen 1999 en 2004) zijn geanalyseerd. Aangetoond wordt dat 
de ligduur van patiënten die behandeld worden volgens een snelherstelprogramma 
significant korter is dan de ligduur van patiënten die traditioneel behandeld wor-
den. De opnameduur varieert tussen de drie en zes dagen en het vroege ontslag 
van patiënten heeft geen invloed op morbiditeit en mortaliteit. De in Kehlet’s stu-
dies gerapporteerde toename in heropnames wordt in andere studies niet beves-
tigd. 
In 2001 werd het ERAS programma geïntroduceerd in de vijf ERAS centra: in 
Kehlet’s “snelherstel” centrum in Kopenhagen en in vier andere Noord-Europese 
chirurgische centra, die een meer traditioneel zorgpad bewandelden.  
Hoofdstuk 3 beschrijft de eerste ervaringen met de implementatie van het ERAS 
programma in deze vijf centra. Tussen 2001 en 2004 werden 425 patiënten behan-
deld volgens het ERAS programma. De gemiddelde leeftijd van de patiënten was 67 
jaar, bijna een kwart van de patiënten had ASA classificatie III/IV, tweederde van de 
patiënten had colorectaal kanker en 16 procent van de patiënten onderging een 
complexe multi-orgaan resectie. 
De mediane ligduur van de ERAS patiënten bedroeg vijf dagen. De totale mediane 
ligduur, inclusief de heropnames binnen 30 dagen na chirurgie, bedroeg 6 dagen. Er 
bleek een discrepantie te bestaan tussen de dag dat de patiënten hersteld waren 
om naar huis te gaan (volgens de ontslagcriteria) en het uiteindelijke ontslag. Pati-
enten gingen pas 2 dagen nadat ze hersteld waren naar huis. Deze vertraging in 
ontslag was significant minder aanwezig in Kehlets centrum, waar 66 procent van 
de patiënten naar huis ging op de dag van herstel tegenover 26 procent van de 
patiënten in de overige centra. 
Een analyse van factoren die van invloed waren op de ligduur toonde aan dat het 
ontslaan van patiënten op de dag van functioneel herstel en het hebben van erva-
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ring met snelherstel programma’s sterk geassocieerd was met een kortere opna-
meduur. De ontwikkeling van complicaties was sterk geassocieerd met een langere 
opnameduur. 
Het veranderen van traditionele zorgpatronen bleek moeilijk te zijn. De opvolging 
van het protocol leverde vooral in de fase na de operatie veel problemen op. De 
postoperatieve hersteldoelen van mobilisatie, voeding en intraveneuze vochttoe-
diening werden in minder dan 50 procent van de patiënten gehaald. 
Belangrijkste conclusie was dat voor een drastische reductie in ligduur niet alleen 
een goede protocol opvolging nodig is maar ook een goede organisatie van zorg en 
veel ervaring met snelherstelprogramma’s. 

Deel 2. Ervaringen in het Maastricht Universitair 
Medisch Centrum 

Tussen 2003 en 2006 werden in het Maastricht Universitair Medisch Centrum 132 
colorectale chirurgie patiënten behandeld volgens het ERAS protocol. Om de effec-
ten van het protocol te kunnen beoordelen werden ERAS patiënten vergeleken met 
een historische controle groep, bestaande uit een groep van 55 patiënten die in 
2001 een colorectale resectie ondergingen, de pre-ERAS groep. De pre-ERAS pati-
enten werden retrospectief geëvalueerd door gegevens van proces en uitkomsten 
van zorg te verzamelen uit medische en verpleegkundige statussen. 
In hoofdstuk 4 wordt de geconstateerde discrepantie tussen herstel en ontslag 
nader onderzocht. In het Maastricht Universitair Medisch Centrum bleek zowel 
voor als na de introductie van het ERAS protocol slechts 10 procent van de patiën-
ten naar huis te gaan op de dag van functioneel herstel. De vertraging van ontslag 
was echter significant korter in de ERAS groep. Patiënten die volgens het ERAS 
programma behandeld werden, werden 1 dag na herstel ontslagen, de traditioneel 
behandelde patienten werden 2 dagen na herstel ontslagen. 
De redenen voor verblijf nadat de ontslagcritieria waren vervuld, werden geëvalu-
eerd. Met behulp van het Dutch Appropriateness Evaluation Protocol (DAEP), een 
gevalideerd instrument om de noodzakelijkheid van het verblijf in het ziekenhuis te 
evalueren, werden de redenen voor vertraging van ontslag geclassificeerd als 
noodzakelijk of niet noodzakelijk ziekenhuis verblijf. Volgens de DAEP was het ver-
blijf van 59 procent van de traditioneel behandelde patiënten en van 69 procent 
van de ERAS patiënten niet noodzakelijk. Het ontslaan van deze patiënten op de 
dag van herstel zou tot een reductie in opnameduur van1 tot 2 dagen kunnen lei-
den. 
De meeste studies die het effect van snelherstelprogramma’s evalueren rapporte-
ren als belangrijkste uitkomstmaat de lengte van de ziekenhuisopname. Aangezien 
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echter reducties in ligduur ook door een betere organisatie van ontslag gereali-
seerd kunnen worden, wordt in hoofdstuk 5 het effect van het ERAS programma op 
herstel per se onderzocht. 
Herstel is gedefinieerd als de eerste dag dat de patiënt alle vier de ontslagcriteria 
heeft vervuld, dus de dag dat de patiënt normaal kan eten én defaecatie heeft 
gehad én de pijn onder controle heeft met orale pijnstillers én weer zelfstandig is in 
algemeen dagelijkse levensbehoeften (ADL). 
De studie toonde aan dat patiënten die volgens het ERAS programma behandeld 
werden 2 dagen eerder hersteld waren dan traditioneel behandelde patiënten. De 
dag van herstel daalde van dag 6 naar dag 4 postoperatief. De ERAS patiënten aten 
drie dagen eerder, waren 2 dagen eerder ADL zelfstandig en hadden 1 dag eerder 
ontlasting en adequate pijnstilling met orale medicatie. 
Belangrijkste conclusie van dit onderzoek was dat een herstel in twee dagen, zoals 
gerapporteerd in Kehlet’s studies, niet meteen haalbaar is in de dagdagelijkse prak-
tijk en dat een herstel in 3 dagen een reëler en toch voldoende ambitieus doel is 
voor ziekenhuizen die een traditioneel zorgpad bewandelen en de uitdaging aan-
gaan om het ERAS programma te implementeren. 
Aangezien in de multicentre studie van de ERAS groep de opvolging van het proto-
col moeizaam verliep, zijn de problemen die de implementatie van het ERAS proto-
col in de dagdagelijkse praktijk met zich meebrachten in het Maastricht Universitair 
Medisch Centrum nader onderzocht. 
In hoofdstuk 6 wordt een procesevaluatie van het ERAS programma beschreven. 
Deze evaluatie bevestigde de eerdere bevindingen dat de protocolopvolging in de 
pre- en peri-operatieve fase weinig problemen oplevert. In de pre en perioperative 
fase zijn er nauwelijks redenen om af te wijken van het protocol, geen twijfels over 
de waarde van de aanbevelingen en weinig medische contra-indicaties. Dit in te-
genstelling tot de postoperatieve fase, waar te weinig staf en tijd, beperkingen in 
patiënten die beroerd zijn na operatie en gebrek aan motivatie onder zorgverleners 
werden gedefinieerd als belangrijkste redenen voor het falen van de implementa-
tie. 
De redenen voor het niet opvolgen van de protocol elementen werden door een 
panel van experts, zorgverleners die direct betrokken waren bij de implementatie 
van het protocol, vertaald in belemmerende en bevorderende factoren van imple-
mentatie. 
Als belangrijkste bevorderende factoren voor een succesvolle implementatie wer-
den de reductie van discomfort bij patiënten vanwege het opheffen van onplezieri-
ge traditionele praktijken, de aanstelling van een verpleegkundig coördinator en 
het hoge niveau van wetenschappelijk bewijs voor sleutelelementen van het pro-
gramma geïdentificeerd. 
De belangrijkste belemmerende factoren waren het gebrek aan welbevinden van 
de patiënt postoperatief, gebrek aan ervaring in nieuwe routines, gebrek aan ro-
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buust wetenschappelijk bewijs achter sommige aanbevelingen en een gebrekkige 
focus op herstel als belangrijke uitkomst van zorg. Het gebrek aan motivatie om het 
herstel te bevorderen en de opnameduur te reduceren was de meest onverwachte 
en wellicht meest belangrijke belemmerende factor. Onverwacht, omdat vanuit het 
perspectief van de zorgverlener een verblijf in het ziekenhuis niet kort genoeg kan 
zijn. Belangrijk, omdat niet alleen zorgverleners maar ook patiënten niet gemoti-
veerd waren om het ontslag te versnellen. 
Om tot een betere acceptatie van het ERAS protocol te komen wordt onder andere 
aanbevolen het protocol te promoten als een kwalitatief zeer goede richtlijn die 
ontwikkeld is door een gerespecteerde onderzoeksgroep, om sleutelfiguren in het 
implementatieproces te benoemen en om te starten met zorgvuldig geselecteerde 
patiënten. 

Deel 3. Ervaringen in Nederland 

In 2005 gaven 26 ziekenhuizen in Nederland te kennen deel te willen nemen aan 
het doorbraakproject “Peri-operatieve Zorg” Het doorbraakproject peri-operatieve 
zorg betrof de synchrone implementatie van het ERAS programma in de Neder-
landse ziekenhuizen. Voordat het protocol in deze ziekenhuizen geïntroduceerd 
werd, werd een nulmeting verricht. Alle ziekenhuizen verzamelden gegevens van 
een opeenvolgende serie van ongeveer 50 patiënten die in 2004 colorectale chirur-
gie ondergingen. Deze gegevens werden ingevoerd in een centrale database. 
Hoofdstuk 7 beschrijft de resultaten van de nulmeting peri-operatieve zorg bij 1265 
patiënten in 26 Nederlandse ziekenhuizen. De ligduur van traditioneel behandelde 
colorectale chirurgie patiënten bedroeg in 2004 9 dagen en de peri-operatieve zorg 
bleek niet gebaseerd te zijn op het best beschikbare wetenschappelijk bewijs. Op 
basis van een hoog niveau van wetenschappelijk bewijs beveelt het ERAS pro-
gramma aan om geen darmlavage te gebruiken, standaard geen maagsonde te 
gebruiken postoperatief, snel te starten met normale voeding en bij voorkeur tho-
racale epidurale analgesie toe te passen.  
Uit de nulmeting bleek dat darmlavage nog standaard toegepast werd in alle zie-
kenhuizen. De maagsonde werd postoperatief nog in alle behalve één ziekenhuis 
gebruikt. Deze maagsonde werd na 2,5 dag verwijderd. Na 2 dagen werd gestart 
met drinken en na 5 dagen met normale voeding. Het infuus werd gestopt na 6 
dagen en standaard thoracale epidurale anaesthesie werd in minder dan de helft 
van de ziekenhuizen gebruikt. 
De chirurgische praktijkvoering bleek in Nederland in 2004 niet gebaseerd te zijn op 
het best beschikbare wetenschappelijk bewijs en geconcludeerd werd dat imple-
mentatie strategieën dringend nodig zijn om wetenschappelijk bewijs te introduce-
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ren in de praktijk en het gat tussen wat we zouden moeten doen volgens best evi-
dence en wat we werkelijk doen in de dagdagelijkse praktijk te dichten. 
Hoofdstuk 8 evalueert het effect van het ERAS programma op het gebruik van 
maagsondes postoperatief. De nulmeting gaf aan dat 88 procent van de traditio-
neel behandelde patiënten in de 26 Nederlandse ziekenhuizen in 2004 nog een 
maagsonde had bij terugkomst op de chirurgische afdeling. Deze maagsonde werd 
na 2,5 dag verwijderd. De doorbraakmethodologie bestrijkt een periode van 12 
maanden. Binnen deze periode werden in de 26 doorbraakziekenhuizen 827 pati-
enten volgens het ERAS programma behandeld. Het gebruik van maagsondes daal-
de naar minder dan 10 procent; de maagsonde bleek succesvol geëlimineerd uit de 
chirurgische praktijkvoering. 
Hoofdstuk 9 beschrijft de invloed van het doorbraakproject op de start van norma-
le voeding. Vroege voeding is een belangrijk element van snel herstel programma’s. 
Er is een hoog niveau van wetenschappelijk bewijs dat normale voeding na darm-
chirurgie niet leidt tot een toename van complicaties, getolereerd wordt door meer 
dan 70 procent van de patiënten en zinvol is om de negatieve invloed van de chi-
rurgische stressresponse te verminderen.  
Ondanks de grote hoeveelheid wetenschappelijk bewijs dat vroege voeding na 
darmchirurgie veilig, haalbaar en nuttig is, blijken deze inzichten volgens de nulme-
ting niet geïmplementeerd in de Nederlandse ziekenhuizen. In 2004 at minder dan 
10 procent van de colonchirurgie patiënten normale voeding binnen 2 dagen na 
chirurgie en duurde het vijf dagen voordat normale voeding herstart werd. 
Volgens het ERAS programma mag de patiënt 4 uur na operatie starten met drin-
ken en, als drinken geen problemen geeft, mag de dag na operatie gestart worden 
met normale voeding. Uit de evaluatie van het doorbraakproject bleek dat de 
startdag normale voeding vervroegd kon worden van dag 5 naar dag 2. In 2004 
kreeg 7 procent van de traditioneel behandelde patiënten normale voeding binnen 
twee dagen na operatie tegenover 65 procent van de patiënten die volgens het 
ERAS programma werden behandeld binnen het doorbraakproject peri-operatieve 
zorg. De implementatie van het ERAS programma in 26 ziekenhuizen in Nederland 
was dus succesvol in het realiseren van een vroege start van normale voeding na 
colorectale chirurgie. 

Versneld hersteld na darmchirurgie: feit of fictie? 

Uit dit poefschrift is gebleken dat het een feit is dat darmchirurgie patiënten die 
behandeld worden volgens een snelherstelprogramma sneller herstellen en korter 
in het ziekenhuis verblijven dan patiënten die traditioneel behandeld worden. Door 
een snelherstelprogramma in te voeren in de dagdagelijkse praktijk kan het herstel 
na darmchirurgie met 2 dagen vervroegd worden en het verblijf met 3 dagen be-
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kort worden. Daarnaast leidt de implementatie van een snelherstelprogramma tot 
een duidelijke verbetering van de peri-operatieve zorg, doordat de uitvoering van 
de zorg meer berust op de resultaten van wetenschappelijk onderzoek. 
Een herstel in 2 dagen, zoals in wetenschappelijk onderzoek is aangetoond, is op dit 
moment in de dagdagelijkse praktijk nog fictie. Er is echter geen twijfel dat in de 
nabije toekomst het herstel zodanig bekort kan worden dat na een darmoperatie 
slechts een korte opname of alleen nog een dagopname nodig is. 
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Dankwoord 
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Het is verbazingwekkend hoeveel personen betrokken zijn geweest bij de tot stand 
koming van dit proefschift. Velen hebben geholpen bij de implementatie van het 
ERAS project in het Maastricht Universitair Medisch Centrum, bij de implementatie 
in de ziekenhuizen die meegedaan hebben aan het doorbraakproject Peri-
operatieve Zorg, bij het verzamelen en verwerken van gegevens, bij het schrijven 
en beoordelen van de manuscripten en bij de afronding van het proefschrift. Daar-
naast heb ik veel steun gehad van familie, vrienden en collega’s. Graag wil ik allen 
bedanken. De volgende pesonen wil ik in het bijzonder bedanken: 
Maarten von Meyenfeldt 
Ik kan mijn dankwoord niet anders beginnen dan met mijn dank uit te spreken aan 
jou, Maarten. In 1995 bood jij mij een buitengewone job aan als onderzoeksassis-
tent van de “Abbott visolie studie”. Gedurende vier jaar heb ik heel Limburg en 
Brabant doorkruist om terminale kankerpatienten thuis te bezoeken, waarbij ik 
altijd bij jou terecht kon als er vragen of problemen waren bij de patiënt thuis. Een 
half jaar na afronden van dit onderzoek, bood jij mij wederom een fantastische 
baan aan, nu als coöordinator van het ERAS programma, weliswaar op voorwaarde 
dat ik “een boekje” schreef over het project. Welnu, het boekje is eindelijk klaar en 
ik wil je bij deze van harte bedanken voor het vertrouwen dat je mij schonk en voor 
het geduldig wachten op het boekje. Maarten, het hele traject was geweldig.  
Kees Dejong 
Kees, jij bent de tweede in rij die ik graag wil bedanken. Met jou heb ik heel Neder-
land doorkruist op weg naar doorbraakconferenties, symposia en audits. “Maak 
dich neet drök, ut stelt allemaol niks veur” zei je altijd en meestal was dat ook zo, 
met de nadruk op meestal. Londen was gewoon een klein vergissinkje.  
“Een artikel schrijf je in één avond”zei je vaak. Het toppunt van optimisme voor een 
beginnende promovenda. Ik dank je omdat het aantal avonden dankzij jouw hulp 
wat beperkt zijn gebleven. Jouw beoordeling van artikelen was altijd heel bijzonder. 
Je kon door één woord of regel toe te voegen een heel artikel verhelderen.  
Trudy van der Weijden  
Trudy, bedankt voor je hulp. Jij was zeer concenscieus, manuscripten spitte jij van 
voor tot achter door. Als jíj het geschrevene beoordeeld en gecorrigeerd had, wist 
ik dat het in orde was. Ik heb veel geleerd van jouw zeer gestructureerde manier 
van schrijven.  
De beoordelingscommssie 
De beoordelingscommissie onder leiding van Prof. Dr. Van Kleef wil ik hartelijk 
bedanken voor het kritisch lezen van het proefschrift.  
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Phil, jij regelde dat ik de geboden kansen met beide handen kon aannemen. 
Bedankt voor het vertrouwen en de steun, je belangstelling en betrokkenheid.  
Henriette Willigers 
Henriette, jij was als anaesthesist vanaf het eerste uur betrokken bij het ERAS pro-
gramma en die eerste consulten van jou op de afdeling chirurgie hebben mij over-
tuigd van de toegevoegde waarde van de anaesthesist op de afdeling. Ik vond het 
geweldig (en de patient ook) als je naar de afdeling kwam, anti-emetica regelde, de 
pijnstilling optimaliseerde en afspraken maakte over het vochtbeleid. Ik heb veel 
geleerd van jouw uitleg over de anaesthesie en de rol van de anaesthesist rondom 
de operatie. Jouw blik op de patiënt en de zorg rondom de patient was zeer ver-
nieuwend. 
Marina Hauben 
Marina, als unithoofd van A4, de afdeling waar de meeste colonchirurgie patiënten 
werden opgenomen, heb jij een grote rol gespeeld bij de implementatie van het 
ERAS programma. Je zorgde ervoor dat assistenten en verpleegkundigen op de 
hoogte waren van het protocol en dat er volgens protocol gehandeld werd. Als er 
afgeweken was van het protocol, wist jij altijd waarom. Bedankt voor je hulp, ik heb 
veel van jou geleerd en ik vind het een enorm gemis dat je niet meer op de afdeling 
bent. 
Margriet Rouflart 
Niemand anders kon zo goed uitleggen waarom de patient boerde, hikte, een ge-
spannen buik had en niet kon eten. Je leerde mij hoe ik naar “de patient met een 
darmoperatie” moest kijken, een vaardigheid die je als oud-verpleegkundige van 
het voedingsteam zeer goed beheerste. Als pijnverpleegkundige heb je me niet 
alleen veel geleerd over postoperatieve pijnbestrijding, maar heb je ook bijgedra-
gen aan een goede opvolging van het ERAS programma. Bedankt voor de vele 
“schouderklopjes”. 

Bedankt: 
Elise en Boris , anaesthesisten, omdat ik altijd bij jullie terecht kon als ik vragen had 
over de anesthesie, postoperatieve pijnbestrijding of postoperatieve misselijkheid 
Jacqueline, hoofd verpleegafdeling A4 en alle verpleegkundigen van de afdeling 
chirurgie, omdat julie meehielpen de zorg volgens protocol te laten verlopen.  
Bernadette, Annemarie, Christel, Ilma, Marion, Mylene, Petra, Tanja en Claudia, 
medewerkers van poliliniek chirurgie, omdat jullie meewerkten aan de preopera-
tieve screening door een chirurg en meehielpen met het inplannen van spoedcon-
sulten voor patienten met complicaties thuis. 
Ria en Carina van bureau opname, omdat jullie ervoor zorgden dat alle patiënten 
die ingeschreven werden voor een darmoperatie, bij mij bekend waren 
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Gertie, Emilienne, Claire, Jetty, Angele en Lucy, medewerkers poliliniek anesthesi-
ologie, omdat jullie meewerkten aan het regelen van de preoperatieve screening 
door een anesthesist 
Mariet, Denise en Olga, medewerkers van de Transmurale Apotheek Service Maa-
stricht, omdat jullie ten behoeve van de preoperatieve screening de medicatie 
overzichten van de patiënten aanleverden. 
Sylvia, anaesthesie-medewerker, omdat je je studie afrondde met een scriptie over 
het ERAS project en bijgedragen hebt aan de scholing van de anaesthesie-
medewerkers. 
Fons Kessels, statisticus, omdat je meehielp met de statistische verwerking van 
data en met het schrijven van methoden en resultaten. Fons, ik geloof dat jou af en 
toe de moed in de schoenen zonk, als je me een statistische bewerking moest uit-
leggen. Maar met behulp van vele kleine “consultjes” en een goed handboek is het 
uiteindelijk allemaal in orde gekomen.  
Joyce Haas, secretaresse heelkunde, omdat je zovele afspraken bij Maarten inplan-
de en meehielp bij de afronding van het proefschrift. Yoyce, je bent een geweldige 
secretaresse, zeer goed georganiseerd en nooit te beroerd om iets te doen wat 
eigenlijk niet jouw taak is. Zonder jou was ik niet op 6 november 2009 gepromo-
veerd. 
Riette en Carla, mijn paranimfen, bedankt voor jullie vriendschap. Met jullie kom ik 
in het Guiness boek of Records. We zijn samen meer dan 150 jaar oud, meer dan 75 
jaar werkzaam in het azM en meer dan 75 jaar getrouwd. Riette, bedankt voor je 
nuchterheid. Als ik weer eens klaagde over het vele werk maakte je me terecht 
duidelijk dat ik er zelf voor gekozen had. . Carla, bedankt voor de belangstelling. 
Ondanks dat je al ettelijke jaren niet meer mijn directe collega bent, ben jij nog 
altijd van de stand van zaken op de hoogte. 
Nel en Sandra, lotgenoten, jullie waren geweldig. Nel, je bent een echte weten-
schapper. “Het zoeken naar antwoorden is het spannendste, het schrijven van een 
artikel is het gemakkelijkste en de discussie is het leukste”. Sandra, je hebt me veel 
“tips and tricks” gegeven. Al die jaren was je net iets verder met je proefschrift en 
maakte ik dankbaar gebruik van alles wat jij al wist. 
Mieke, Liesbeth, Esther, Linda, Corrie, Nicole, Marjan, Anke, Levonne,Sjerty, 
Jenny, Marielle, Wilmy en Anita, collega’s dietetiek, bedankt voor jullie tolerantie. 
Ik maak gebruik van een werkplek dietetiek, maak veel lawaai als ik op het toetsen-
bord zit te rammen, blokkeer de printer regelmatig en ontvang al dan niet storend 
bezoek op mijn werkplek. Jullie belangstelling voor mijn proefschrift was groot. Ik 
hoop dat iedereen die de kans krijgt te promoveren deze kans met beide handen 
aanneemt. Een promotie traject is een geweldig traject. 
Jitske, Erica, Jeroen, Heleen, medewerkers CBO, leden van het kernteam peri-
operatieve zorg, voor het faciliteren van mijn proefschrift. Jullie waren echte im-
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plementatie deskundigen, ik heb veel van jullie geleerd. Het was goed toeven in 
Utrecht, op een enkel “stormpje” na.  
Ken Fearon, Olle Ljungqvist, Arthur Revhaug, Jonas Nygren, Jonathan Haussel, 
Kristoffer Lassen, Mattias Soop, members of the ERAS collaboration, Thank you 
very much for your ever friendly support. Ken, I really enjoyed our discussions 
about quality of care and though your have a great power of persuasion, soup is 
still no normal food. Olle, you were very convinced of “spreading the message”. So 
I spread: I gave more than 70 presentations of the ERAS programme since the start 
of the project. Arthur, it was a great pleasure to visit the wonderful Trømso. I thank 
you for your kind hospitality. Jonas, thanks for your friendship. Jonathan, I admire 
your enormous patience. Year after year you changed the ERAS data base, I would 
have given it up years ago. Mattias, wherever you were, you were always involved 
in the international ERAS project. I think you owe this your Apple computer. Kristof-
fer, I thank you for joining the opposition during the defending of my thesis.  
Dorhte Hjort, Kirsti Fosland, Erika Fränden and Rachel Luff , nurse coordinators of 
the ERAS sites, Thank you for sharing experiences and being honest about the prob-
lems each of you experienced with the implementation of the ERAS project. It was 
very reassuring that we all had problems to change perioperative care.  
Francois, Elke en Maud,  
Francois, bedankt voor je nuchterheid. Het woord stress komt in jouw woorden-
boek niet voor; een dag heeft immers 24 uur en in 24 uur kun je veel doen. Boven-
dien moet je alleen doen wat echt nodig is. Het huishouden kun je gewoon laten 
liggen of uitbesteden. Fast food is ook eten en een boterham is nog gemakkelijker. 
Een keertje om 5 uur opstaan doet ook wonderen. 
Jij was de belangrijkste “facilitator” van dit proefschrift. Zonder jou was er geen 
promotie geweest.Bedankt voor de hulp en de steun, ondanks dat je er met je 
zakelijk verstand nog altijd niet bij kunt waarom het schrijven van een proefschrift 
zoveel tijd kost en zo weinig opbrengt.  
Elke en Maud, excuses voor het verwaarlozen van het huishouden (weer geen tijd 
gehad om chips en koekjes te halen), voor de gemiste koffie uurtjes op zondagmor-
gen bij oma Buchten (iedereen is er, behalve wij), voor de niet op tijd gewassen 
sportkleren en voor het lange wachten op tijd voor de kapper (al meer dan een half 
jaar geleden). Na 6 november ga ik weer “gezond koken”, mee naar de volleybal 
wedstrijden, gaan we weer veel shoppen en iedere zondag bij oma koffiedrinken.  
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Summary
Background & Aims: Clinical care of patients undergoing colonic surgery differs
between hospitals and countries. In addition, there is considerable variation in rates
of recovery and length of hospital stay following major abdominal surgery. There is a
need to develop a consensus on key elements of perioperative care for inclusion in
enhanced recovery programmes so that these can be widely adopted and refined
further in future clinical trials.
Methods: Medline database was searched for all clinical studies/trials relating to
enhanced recovery after colorectal resection. Relevant papers from the reference
lists of these articles and from the authors’ personal collections were also reviewed.
A combination of evidence-based and consensus methodology was used to develop
the resulting enhanced recovery after surgery (ERAS) clinical care protocol.
Results and Conclusions: Within traditional perioperative practice there is
considerable evidence supporting a range of manoeuvres which, in isolation, may
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improve individual aspects of recovery after colonic surgery. The present manuscript
reviews these issues in detail. There is also growing evidence that an integrated
multimodal approach to perioperative care can result in an overall enhancement of
recovery. However, effects on major morbidity and mortality remain to be
determined. A protocol is presented which is in current use by the ERAS Group
and may provide a standard of care against which either current or future novel
elements of an enhanced recovery approach can be tested for their effect on
outcome.
& 2005 Elsevier Ltd. All rights reserved.

Introduction

The key factors that keep a patient in hospital after
uncomplicated major abdominal surgery include
the need for parenteral analgesia (persistent pain),
intravenous fluids (persistent gut dysfunction), and
bed rest (persistent lack of mobility). These factors
often overlap and interact to delay return of
function. Obviously, postoperative complications
will also prolong the time until recovery and
ultimately length of stay. Interestingly, recent
findings suggest that the rate of complications can
be unaltered or even reduced when actions are
taken that support faster return of normal func-
tion.1 A clinical pathway to accelerate recovery
after colonic resection based on a multimodal
programme with optimal pain relief, stress reduc-
tion with regional anaesthesia, early enteral nutri-
tion and early mobilisation has demonstrated
improvements in physical performance, pulmonary
function, body composition and a marked reduction
of length of stay.2–4 A subsequent randomised trial
using a similar protocol has demonstrated a
significant reduction in median length of stay from
7 to 3 days.5 However, different surgical groups
proclaim wide variation in the nature of their
optimal ‘fast-track’ or enhanced recovery pro-
grammes. For example, apparently similar out-
comes can be achieved with3–5 or without epidural
anaesthesia/analgesia.6 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
little evidence is available concerning the
importance of each element when considered
within the context of an enhanced recovery
pathway. The aim of this review is to consider
the evidence-base for individual components of
enhanced recovery programmes and to present the
consensus of the The European Society of Clinical
Nutrition and Metabolism (ESPEN) special interest

group on management of patients undergoing such
a programme (Fig. 1). The content of the consensus
protocol refers to colonic surgery, but similar
protocols have and can be developed for other
surgical procedures.

Methods

The ERAS group was established in 2001 as a
collaborative of five university or specialised
Departments of Surgery from five Northern Eur-
opean Countries (Scotland, Sweden, Denmark,
Norway and The Netherlands). Using the Medline
database, an electronic search on ‘fast-track’ or
‘multimodal’ recovery was undertaken. Relevant
papers from the reference lists of these articles and
from group members’ personal collections were
also reviewed. The committee met on several
occasions to reach a consensus on a protocol,
which was then documented by the present
authors.

Results

Principles of the ERAS protocol

Conventional perioperative 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. Con-
ventional postoperative care has also emphasised
prolonged rest for both the patient and their
gastrointestinal tract. Similarly, this concept has
recently been challenged. 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
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surgical patients should be cared for (the ERAS
protocol). Using a multidisciplinary team approach
with a focus on stress reduction and promotion of
return to function, the ERAS protocol aims to allow
patients to recover more quickly from major
surgery, avoid medium-term sequelae of conven-
tional postoperative care (e.g. decline in nutri-
tional status and fatigue) and reduce health care
costs by reducing hospital stay.

Preadmission information and counselling

It is well established that intensive preoperative
patient information can facilitate postoperative
recovery and pain relief, particularly in patients
who exhibit most denial and the highest levels of
anxiety.7,8 A clear explanation of what is to happen
during a patient’s hospital stay can also facilitate
adherence to the care pathway and allow timely
recovery to allow early discharge. In addition and
importantly, at this first meeting with the patient,
he or she should also be given a clear role with
specific tasks to perform during the postoperative
period.9 These include targets for intakes of food
and oral nutritional supplements (ONS) and targets
for staying out of bed.

Consensus: A patient should receive oral and
written preadmission information describing what
will happen during their hospital stay, what they
have to expect, and what their role is in their
recovery.

Preoperative bowel preparation

Many regimens have been used, with oral sodium
phosphate probably being the most convenient
method.10 Mechanical bowel preparation is stress-
ful for the patient and can result in significant
dehydration/fluid and electrolyte abnormalities
(particularly in the elderly).11 A recent meta-
analysis of all available data12 confirms earlier
meta-analyses13,14 showing that bowel preparation
has no benefit in colonic surgery. Furthermore, this
most recent meta-analysis suggests that bowel
preparation increases the risk for anastomotic leak.
Bowel preparation may be essential in selected
patients who require intraoperative colonoscopy.

Consensus: Patients undergoing colonic resection
should not receive routine oral bowel preparation.

Preoperative fasting

To avoid pulmonary aspiration, fasting after mid-
night has been the standard in elective surgery.
However, a review of recent studies has found no
scientific support for this practice.15 Several
National Anaesthesia Societies now recommend
intake of clear fluids up until 2 h before initiation
of anaesthesia and a 6-h fast for solid food.16–18 It
has been proposed that patients should be in the
fed state rather than fasted when they go to
theatre. Provision of a clear carbohydrate-rich
beverage (12.6%) at a dose of 800ml before
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Figure 1 Main elements of the ERAS protocol.
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midnight and 400ml 2–3 h before surgery reduces
preoperative thirst, hunger and anxiety19 and
significantly reduces postoperative insulin resis-
tance.20 Thus, patients are in a more anabolic state
to benefit from postoperative nutrition21 and with
less risk of hyperglycaemia.22 Patients should have
access to normal food on the day before surgery.

Consensus: Patients should only be fasted for
liquids for 2 h and for solids for 6 h preoperatively.
Patients should receive oral preoperative fluids and
carbohydrate loading.

Preanaesthetic medication

Beneficial effects of preanaesthetic medication on
anxiety have not been established and preanaes-
thetic provision of anxiolytics increases postopera-
tive sedation.23 Furthermore, a recent meta-
analysis has demonstrated no effect on postopera-
tive pain relief by starting analgesic treatment
before the operation (so-called preemptive analge-
sia).24 Short-acting anxiolytics may be helpful in
worried patients during placement of an epidural.
In addition, the use of oral carbohydrate loading
has been shown to reduce the level of preoperative
anxiety.19 Patients who receive sleeping medication
at home can continue in hospital.

Consensus: Patients should not receive preanaes-
thetic anxioloytic or analgesic medication.

Anti-thrombotic prophylaxis

In colorectal surgery, there is a clear indication for
anti-thrombotic prophylaxis, where unfractionated
and fractionated low-dose heparin regimens are
effective.25 Low molecular weight heparin (LMWH)
(fractionated) is preferable due to compliance
(once daily administration).26 Low dose (20mg
enoxaprim daily) is about as effective as higher
doses in general surgery and higher doses should be
avoided because of the risk of potential bleeding
complications when using concomitant epidural
analgesia. Treatment is usually initiated 2–12 h
before the operation and continued until fully
mobilised. There is no further advantage in general
surgery by continued treatment for 4 weeks (in
contrast to major orthopaedic surgery).27

Concomitant use of LMWH and continuous epidur-
al analgesia is debatable, due to reported cases of
epidural haematoma in the USA, where double
doses of thromboembolic prophylaxis have been
used.28–31 Recommendations from USA authorities
are: delayed administration until 1–2 h after epi-
dural catheterisation and that the epidural catheter
is removed 8–2 h after previous LMWH administra-

tion. Concomitant administration of acetaminophen
(paracetamol) does not add additional risk, while
the risk of concomitant administration of non-
steroidal anti-inflammatory drugs (NSAID) and
LMWH is considered safe, although debated. It
should be emphasised that epidural analgesia per
se reduces thromboembolic complications by 50% in
lower body procedures, but this has not been
demonstrated after abdominal procedures.

The use of graded compression elastic stocking is
recommended and should be used to provide an
additional advantage when combined with LMWH
and epidural analgesia and mobilisation (combined
effect unknown). Intermittent pneumatic compres-
sion is effective, but costly and may hinder early
mobilisation and is therefore not recommended.

Consensus: Patients should receive antithrombo-
tic prophylaxis according to the local peer-re-
viewed protocol.

Anti-microbial prophylaxis

It is well established that anti-microbial prophy-
laxis is effective in reducing infectious complica-
tions in colorectal surgery.32 Key elements include
(1) that prophylaxis should be active against both
aerobic and anaerobic bacteria, (2) that adminis-
tration should be before skin incision and (3) that
single-dose prophylaxis is as effective as multidose
regimens (although a repeat dose intraoperatively
may be justifiable in case of prolonged (43 h)
operations). The optimal anti-biotic combination
regimen has not been established, but single-dose
Metronidazole and Cefuroxime is suggested based
upon cost considerations and avoidance of newer
generations of antibiotics, which have not been
demonstrated to be more effective than primary
prophylaxis, and therefore may be used if second-
ary infectious complications occur.

Consensus: Patients should receive single-dose
antibiotic prophylaxis against both aerobic and
anaerobic pathogens.

Standard anaesthetic protocol

There is no evidence as to the choice of the optimal
anaesthetic method based on morbidity or recovery
data from colorectal procedures. However, it is
rational to use agents with short pharmacodynamic
duration (propofol, remifentanil)33 thereby allow-
ing pro-active recovery to start on the day of
surgery. Thus, opioids with longer-lasting effect
(morphine, fentanyl) should be avoided. Short-
acting inhalation anaesthesia is a reasonable alter-
native to total intravenous anaesthesia. There is no

Enhanced recovery after surgery 469



 

 175 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 

p175-192.pdf   1 14-9-2009   13:31:43

evidence that intraoperative epidural analgesia
improves postoperative outcome in colorectal
procedures, but its use will reduce the dosage of
general anaesthetic agents. Also, a mid-thoracic
epidural activated before the onset of surgery also
blocks stress hormone release and attenuates
postoperative insulin resistance.34 Epidural analge-
sia has been suggested for routine postoperative
analgesia on the basis that it provides optimal pain
relief and based on a meta-analysis may reduce
postoperative mortality and morbidity.35 A recent
large single study36 has questioned the benefits of
epidural analgesia in terms of postoperative mor-
bidity and mortality. One also has to consider the
very small but significant risks of epidural haema-
toma or abscess or neurological damage
(0.01–0.6%). There is, however, clear evidence that
a thoracic epidural can block many of the compo-
nents of the stress response to injury37 and has
been proven to reduce the duration of postopera-
tive ileus.38 The catheter is best placed in the mid-
thoracic level at T7/8 for colonic surgery to achieve
both analgesic block and sympathetic block pre-
venting gut paralysis.39 The catheter is sited in the
awake patient to establish the effectiveness of the
block. During surgery the block can be maintained
by continuous infusion of local anaesthetic (e.g.
bupivacaine 0.1%) plus a low-dose opiate (e.g.
2 mg/ml fentanyl) at 4–10ml/h. Epidural opioids in
small doses have been shown to act in synergy with
epidural local anaesthetics in providing analgesia,
allowing reduced dosages of both agents.40

Furthermore, low-dose epidural opioids improve
the analgesic effects without major systemic
effects.40 Finally, addition of a small amount of
adrenaline to the epidural infusion of local anaes-
thetic and opioid has been shown to markedly
improve analgesia and decrease systemic opioid-
related side-effects.41–43

Consensus: Patients should undergo anaesthesia
avoiding long-acting opioids. Patients should re-
ceive a mid-thoracic epidural commenced pre-
operatively and containing local anaesthetic in
combination with a low-dose opioid.

Surgical incisions

It remains unclear if transverse or longitudinal
incisions are to be preferred. There is evidence
from some randomised trials that transverse or
curved incisions reduce pain and pulmonary dys-
function following abdominal procedures,44,45

while other trials have found no advantage of
transverse incisions.46,47 The fact that some De-
partments always use transverse or curved incision

while other Departments always use midline inci-
sions provides evidence that sufficient access to the
surgical site can be obtained by either type of
incision. However, it is clear that incision length
affects patient recovery.48

Consensus: Patients should undergo laparotomy
using an abdominal incision of minimum length.

Nasogastric intubation

There is good evidence from a meta-analysis49 that
routine nasogastric decompression should be
avoided after colorectal surgery since fever, at-
electases and pneumonia are reduced. There is no
clear rationale for routine insertion of nasogastric
tube during surgery, except to evacuate air that
may have been pushed down in the stomach during
intubation for ventilation. If a tube is placed during
surgery, it should be removed before the patient
wakes up from anaesthesia.

Consensus: Nasogastric decompression tubes
should not be used as a routine in the postoperative
period.

Prevention of intraoperative hypothermia

Prevention of intraoperative hypothermia reduces
endocrine-metabolic responses and sympathetic
reflexes, and changes the fibrinolytic-coagulatory
balance resulting in reduced bleeding. Subse-
quently, several randomised trials have demon-
strated that preservation of normothermia by
infusion of warmed fluids and using an upper-body
forced-air heating cover reduces wound infec-
tions,50 cardiac complications51 and bleeding and
transfusion requirements.52

Consensus: Intraoperative maintenance of nor-
mothermia with infusion of warmed fluids and an
upper-body forced-air heating cover should be used
routinely.

Perioperative fluid management

A proportion of patients who undergo bowel
preparation with purgative laxatives and who are
subject to conventional preoperative fasting pro-
tocols are subject to dehydration and electrolyte
imbalance.53–55 Avoidance of bowel preparation,
the use of preoperative oral carbohydrate loading
and free access to fluids until 2 h before induction
of anaesthsia are potential methods to reduce this
problem. There is good evidence to support the
safety of allowing access to fluids up to 2 h before
surgery.15
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With reference to intraoperative and post-
operative intravenous fluids, modern resuscitation
methodology has emphasised the concept that
‘wet is best’ and a patient therefore cannot be
given too much intravenous fluid. With traditional
care patients currently receive 3.5–5 l of intrave-
nous fluids on the day of surgery and 2 l/day for the
next 3–4 days with a resultant weight gain of 3–6 kg
over the perioperative period.56,57 Recently, how-
ever, evidence has suggested that a policy of
providing no more intravenous infusions than
necessary to maintain fluid balance (i.e. body
weight), may significantly reduce postoperative
complications58 and shorten postoperative hospital
stay.57 Clearly, the best way to limit postoperative
intravenous fluid administration is to take the
intravenous drip down. This can usually be
achieved routinely on the first or second post-
operative day.3

Patients with an epidural can experience vasodi-
lation leading to relative intravascular volume
depletion and hypotension. Intraoperative and
postoperative management of hypotension may
include fluid loading. Alternatively, the judicious
use of vasopressors can avoid excessive fluid
administration.59

There is increasing evidence that excess admin-
istration of salt solutions can delay the return of
normal gastrointestinal function57 and can be
associated with increased postoperative complica-
tions and prolonged hospital stay.56,58 Equally, for
high-risk patients there is evidence that goal-
directed preoperative conditioning (including fluid
loading) can reduce postoperative complications.60

Clearly, there must be a balance between achieving
adequate tissue perfusion versus overloading the
patient with sodium and/or water. Trans-oesopha-
geal Doppler ultrasonography during surgery offers
a method of titrating fluids in relation to cardiac
output and may be particularly useful in the high
risk patient and may even result in reduced length
of stay.61,62

Consensus: Patients should commence oral fluids
2 h post surgery on day 0. Target intake should be
4800ml oral fluids on the day of operation.
Patients should have IV fluids discontinued as soon
as adequate oral intake is established. The target
should be during day 1.

Vasopressors should be considered for the intra-
and postoperative management of epidural-related
hypotension. A reduction in epidural infusion rate
should also be considered. Target levels for blood
pressure should be moderated. Intraoperative
monitoring of fluid replacement with Doppler
ultrasonography may help in the management of
high-risk patients.

Drainage of peritoneal cavity following
colonic anastomoses

The presence of an abdominal drain represents a
significant impediment to achieving early and
appropriate levels of mobilisation. Meta-ana-
lyses63,64 have demonstrated that use of drains
after colonic anastomoses does not reduce the
incidence or the severity of an anastomotic leak or
other complications.

Consensus: Drains are not recommended follow-
ing routine colonic resection.

Urinary drainage

Several randomised trials report that suprapubic
bladder drainage as compared with urethral cathe-
terisation is associated with lower urinary tract
infection rates and/or lower discomfort in patients
undergoing abdominal surgery65–67 while another
showed no such benefits.68 Most trials have been
undertaken in patients requiring prolonged periods
of urinary drainage (i.e. 4–7 days). The risk of
urinary retention after only 24 h urinary bladder
catheterisation has been reported to be low after
colonic resection during epidural analgesia.69 The
presence of urinary drainage represents a signifi-
cant impediment to achieving early and appropri-
ate levels of mobilisation.

Consensus: It is recommended to use urinary
bladder drainage for the duration of thoracic
epidural analgesia. Earlier removal of urinary
drainage may be considered before the epidural is
stopped.

Postoperative nausea and vomiting

In order to attain the objective of early and
sustained oral food intake it is important to have
a defined strategy for the management of post-
operative nausea and vomiting (PONV). Risk factors
should be minimised including the avoidance of
emetogenic drugs (neostigmine, opioids, certain
gaseous anaesthetic agents, etc) with the substitu-
tion of agents that are less so. Patients at risk for
PONV (e.g. non-smoking women with a history of
motion sickness) should receive prophylactic treat-
ment (e.g. ondansetron, dexamethasone or droper-
idol).70 If patients develop nausea and vomiting,
treatment should be with a combination of such
agents.

Consensus: Antiemetics should be used selec-
tively and in a structured manner to diminish PONV
and promote an early return of oral intake.
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Ileus prophylaxis and promotion of
gastrointestinal motility
Patients’ pattern of postoperative care should be
integrated to try to prevent postoperative gut
dysfunction. Strategies should include epidural
analgesia,38 avoidance of opiates, avoidance of
fluid overload57 and use of oral magnesium oxide
(1 g twice daily commenced on the evening of
surgery and used until discharge).3

Consensus: Patients should undergo a structured
pattern of care to avoid postoperative ileus and
promote early oral intake.

Postoperative analgesia

It is well established from several controlled trials
and a Cochrane Review38 that optimal analgesia
allowing early mobilisation is best achieved by
continuous epidural local anaesthetic or local
anaesthetic–opioid techniques. Patient-controlled
analgesia (PCA) using intravenous opioids does not
provide the same efficient analgesia and has less
beneficial physiological effects on surgical stress
responses compared with epidural local anaes-
thetic techniques. Whilst it is possible to achieve
almost the same pain scores with PCA at rest
compared with epidural analgesia, this is done at
the expense of the patient remaining sedated and
at rest in bed. Randomised trials have demon-
strated that continuous epidural local anaesthetic
techniques reduce pulmonary morbidity, but not
other types of morbidity or hospital stay or
convalescence.71 The explanation hereto is prob-
ably that unimodal intervention does not take
advantage of the efficient analgesia and positive
effect on paralytic ileus provided by an epidural on
its own. NSAIDs may provide some additional
analgesia, but probably less than in minor proce-
dures.72 The combination of paracetamol and
NSAIDs provides superior analgesia in minor proce-
dures but has not been demonstrated to be
synergistic/additive in major (colorectal) proce-
dures.73 The main principle for analgesia is opioid
sparing thereby avoiding opioid-related side effects
and enhancing recovery.74 The optimal duration of
continuous postoperative mid-thoracic epidural
analgesia has not been established in well-designed
randomised trials, but large-case series suggest
that two days may be sufficient in colonic resec-
tion.3 NSAIDs should not be given during a well-
functioning epidural since there is no evidence that
this improves analgesia.

Consensus: Patients should receive continuous
epidural mid-thoracic low-dose local-anaesthetic/
opioid combinations for 2 days after colonic

resection. Paracetamol should be given as a base-
line analgesic (4 g daily) throughout the post-
operative course. For break-through pain NSAIDs
and bolus epidural bupivacaine should be given
whilst the epidural is running. NSAIDs should be
started just before removal of the epidural and
continued until and/or after discharge.

Postoperative nutritional care

For normally nourished patients, restoration of
normal GI function to allow adequate food intake
and rapid recovery is one of the primary objectives
of postoperative care. A meta-analysis of con-
trolled trials of early enteral or oral feeding versus
‘nil by mouth’ after GI surgery concluded there is
no clear advantage to keeping patients fasting after
elective GI resection.75 Early feeding reduced both
the risk of any type of infection and the mean
length of stay in hospital. Furthermore, early
feeding was not associated with an increased risk
of dehiscence of an anastomosis distal to the site of
feeding. However, the risk of vomiting increased in
patients fed early and, in the absence of multi-
modal anti-ileus therapy, early enteral feeding was
associated with intestinal bloating and impairment
of mobilisation and pulmonary function.76

For malnourished patients undergoing abdominal
surgery, there is a clear advantage for the
prescription of ONS in the postoperative period
and for 8 weeks thereafter in terms of recovery of
nutritional status, protein economy and quality of
life.77 Positive clinical outcomes from oral nutrition
supplements have also been documented in studies
of elective surgical patients who were not screened
specifically for malnutrition.78,79 However, oral
supplementation in such studies (using traditional
perioperative care) was commenced some 4–5 days
after the day of surgery. In enhanced recovery
programmes, ONS have been used successfully on
the day prior to operation and for at least the first
four post operative days to achieve recommended
intakes of energy and protein.3,80,81

When used in combination, preoperative oral
carbohydrate loading, epidural analgesia and early
enteral nutrition have been shown to result in
nitrogen equilibrium without concomitant hyper-
glycaemia.22 This emphasises the importance of
multimodal therapy in the maintenance of nutri-
tional status following surgery.

Consensus: Patients should be encouraged to
commence oral food intake 4 h after surgery.
ONS should be taken (approx 400ml energy dense
ONS) from the day of surgery until a normal level of
food intake is achieved. Continuation of ONS at
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home is recommended for nutritionally depleted
patients.

Early mobilisation

Bed rest not only increases insulin resistance and
muscle loss but also decreases muscle strength,
pulmonary function and tissue oxygenation.82 More-
over patients are exposed to an increased risk of
thromboembolism. Effective pain relief using am-
bulatory thoracic epidural analgesia is a key
adjuvant measure to encourage postoperative
mobilisation. Organisation is essential, and a
prescheduled care plan should be drawn up with
goals for mobilisation listed each day. It is essential
that the patient be nursed in an environment which
encourages early mobilisation. In particular, whilst
the patient has an epidural running it is helpful if
patients are nursed in an ordinary ward or level 1
facility rather than a high dependency unit (level
2). The latter leads to suppression of the patient’s
independence. If possible, food and television
facilities should be separate from the patient’s
bedside to encourage mobilisation. Another useful
measure may be using a patient diary where
patients document the time out of bed on a daily
basis. The aim is that patients are out of bed 2 h on
the day of surgery, and 6 h per day until discharge.

Consensus: Patients should be nursed in an
environment that encourages independence and
mobilisation. A care plan that facilitates patients
being out of bed for 2 h on the day of surgery and
6 h thereafter is recommended.

Discharge criteria

Patients can be discharged when they meet the
following criteria:

(a) good pain control with oral analgesia;
(b) taking solid food, no intravenous fluids;
(c) independently mobile or same level as prior to

admission;
(d) 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.

Consensus: Planning the discharge process should
begin when the patient attends for preadmission
counselling. Defined discharge criteria should be
followed.

Follow-up

Patients entering an enhanced recovery programme
will inevitably require more active supervision
when they get home. In general, if length of stay
is reduced to 2–3 days approximately 10–20% may
require readmission or a few hours of observation
and treatment as outpatients.3,82 Readmission in
itself does not imply an overnight stay. Often
patients can re-attend the hospital as an out-
patient, receive treatment (e.g. anti-emetics/
analgesia/fluids) and go home the same day. Ready
access to medical and nursing advice either on the
phone or on the ward must be structured into the
Unit’s working practice. Patients’ general practi-
tioners should be alerted to their patients’ parti-
cipation in an enhanced recovery programme and
to their increased needs in the community. It is
essential that there is a clear pathway for the
prompt and safe readmission of the 1–3% of
patients who will experience an anastomotic leak
at home.

Once at home, patients should be contacted by
phone within 24–48 h to ensure all is well and to
provide advice. Many Units organise out-patient
clinic review at 7–10 days following surgery when
the wound can be checked, staples/stitches re-
moved, pathology results discussed and, if neces-
sary, future oncology therapy organised. A further
clinical or telephone review at 30 days after
surgery is recommended for patient reassurance
and audit purposes.

Consensus: Surgical units undertaking an en-
hanced recovery programme must be restructured
to provide adequate follow-up and continuity of
care. An enhanced recovery programme should
only be initiated once there is a clear pathway
established for the prompt and safe readmission of
the 1–3% of patients who will experience an
anastomotic leak (or other major complications)
at home.

Audit

All good surgical practice is based on ongoing audit
of clinical outcomes. It is essential that outcomes
be documented during the introduction of an
enhanced recovery programme. This not only
ensures that morbidity and mortality are optimal
but that feedback is provided on aspects of the
programme that may need further development of
infrastructure/staff education.

Consensus: Audit is an inherent and essential
component of every enhanced recovery pro-
gramme.
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Summary of core protocol elements

� Patient information: Essential before admission
for surgery.

� Preoperative bowel preparation: No routine oral
preparation for colon resections.

� Preanaesthetic medication: Not recommended.
� Preoperative fasting and fluids: Patients should

be allowed to drink clear fluids up to 2 h prior to
initiation of anaesthesia and should receive
preoperative oral carbohydrate loading.

� Standard anaesthetic protocol: Intraoperative
mid-thoracic epidural analgesia (local anaesthe-
tic+low-dose opioid). Short-acting intravenous or
inhalational anaesthetic agents, according to
local traditions.

� Prevention of intraoperative hypothermia:
Warmed IV fluids and upper body air-warming
device.

� Thromboembolic prophylaxis: Low-dose LMWH
started about 2 h after placement of epidural
catheter and continued until full mobilisation.

� Nasogastric decompression tubes: Not recom-
mended.

� Prophylactic antibiotics: Indicated with two
drugs (anaerobic and aerobic prophylaxis) given
before skin incision and single dose, may be
repeated when surgery43 h.

� Incision: Short midline or transverse incisions
recommended.

� Drainage: Drains should not be used routinely in
colonic surgery.

� Urinary bladder catheterisation: Suprapubic or
urethral catheterisation. Removal of catheter
24–48 h after surgery recommended.

� Fluid therapy: Avoid excessive intravenous fluids.
Vasopressors recommended for treatment of
epidural-related hypotension. Discontinuation
of IV fluids on postoperative day 1.

� Ileus prophylaxis and promotion of GI motility:
Continuous thoracic epidural analgesia for first 2
postoperative days (low-dose epidural local
anaesthetic–opioid): Use of magnesium oxide
twice daily recommended.

� Postoperative analgesia: Continuous thoracic
epidural analgesia for 2 days postoperatively
(low-dose epidural local anaesthetic–opioid),
paracetamol as routine oral analgesic and epi-
dural top up as rescue. Commence NSAIDs at
end of epidural. Additional opioid only if other
efforts fail.

� Nutrition: Postoperative nutrition includes ONS
from the day of operation in addition to normal
food. Malnourished patients should continue ONS
at home.

� Early Mobilisation: A care plan that facilitates
patients being out of bed for 2 h on the day of
surgery and 6 h thereafter is recommended.

� Discharge Criteria: Good pain control with oral
analgesics, taking solid food and no intravenous
fluids, independently mobile, willing to go home.

� Follow-up and audit: Patients should be con-
tacted 1–2 days after discharge, reviewed
clinically at 7–10 days postoperatively and
reviewed finally at 30 days postoperatively. Audit
of results/endpoints/adverse events and proto-
col compliance is essential.
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