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Malnutrition has long been recognised as a risk factor for post-operative morbidity and mortality.
Traditional metabolic and nutritional care of patients undergoing major elective surgery has
emphasised pre-operative fasting and re-introduction of oral nutrition 3-5d after surgery.
Attempts to attenuate the consequent nutritional deficit and to influence post-operative morbidity
and mortality have included parenteral, enteral and oral sip feeding. Recent studies have
emphasised that an enhanced rate of recovery can be achieved by a multi-modal approach focused
on modulating the metabolic status of the patient before (e.g. carbohydrate and fluid loading),
during (e.g. epidural anaesthesia) and after (e.g. early oral feeding) surgery. Using such an
approach preliminary results on patients undergoing elective colo-rectal surgery indicate a
significant reduction in hospital stay (traditional care, n 48, median stay 10 d v. enhanced recovery
programme, n 33, median stay 7d; P<0-01) can be achieved. Such findings emphasise the
potential role of multi-modal care programmes in the promotion of early recovery from major
surgical trauma.
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The aim of the present article is to review the nutritional
management of the surgical patient. In particular, the
rationale and nature of nutritional support within the context
of traditional peri-operative care will be compared with that
for enhanced recovery following surgery.

Nutritional status and surgical outcome

The reasons why nutritional status is considered to be an
important determinant of surgical outcome can be traced
back to the 1930s and the studies of Studley (1936). He
demonstrated in patients undergoing partial gastrectomy for
complicated peptic ulcer disease that those who had lost
<20 % of their pre-illness stable weight had an operative
mortality of approximately 3 % whereas those with >20 %
weight loss had an operative mortality of approximately
30 %. It might be argued that more modern surgery with
prophylactic antibiotics, better anaesthesia, improved suture
materials and optimal physiotherapy might avoid such a
high rate of post-operative complications in malnourished
patients. However, more recent studies still show a similar

relationship. Hill (1994), for example, used neutron-
activation body composition analysis to determine total
body N and thus define those patients with or without a
marked protein deficit. The study involved > 100 patients
undergoing gastrointestinal tract resection. There was a less
dramatic but still marked increase in both major complica-
tions and the duration of post-operative stay in those patients
with marked whole-body protein depletion. Clearly, it is
difficult to separate post-operative morbidity related to
malnutrition per se v. that related primarily to the patients’
underlying pathology (which just happens to have induced
malnutrition). Nevertheless, such studies have formed the
basis for using nutritional support to try to reduce post-
operative morbidity and mortality.

Parenteral nutrition

Unfortunately, throughout the 1980s and into the 1990s
nutritional support came to be regarded as a panacea for
all surgical ills. In particular, numerous trials of peri-
operative total parenteral nutrition were undertaken in
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cohorts of patients who were not specifically malnourished.
Heyland et al. (1998) have recently undertaken a meta-
analysis and, not surprisingly, concluded that peri-operative
parenteral nutrition given to patients undergoing mainly
major upper gastrointestinal cancer surgery has no influence
on post-operative major complications or mortality.

Enteral nutrition

During the 1990s there was a shift in emphasis from
parenteral nutrition to enteral nutrition, particularly for the
care of the critically ill. The rationale for a change in
emphasis included the fact that enteral feeding is more
physiological, is associated with fewer complications and is
also cheaper. However, for the post-operative patient with a
gastrointestinal anastomosis, there is the anxiety that filling
the gastrointestinal tract with enteral feed in the early post-
operative period might increase anastomotic leak rate and
might also be associated with an increased incidence of
aspiration pneumonia.

Following traditional open abdominal surgery patients
frequently experience a period of gastrointestinal paralysis
(ileus). The small bowel is the first section of the gastro-
intestinal tract to regain normal motility, and this factor has
been the rationale for the use of naso-jejunal or needle-
catheter jejunostomy for the provision of early enteral
feeding in post-operative patients undergoing major
abdominal surgery. That this method of feeding can be
undertaken in a safe manner has been demonstrated by a
number of different research groups. For example, in a
consecutive series of 500 patients Sarr (1999) demonstrated
that only three patients had major complications related
to their feeding jejunostomy. Moreover, using the jeju-
nostomy route >90 % of patients achieved their goals for
full enteral nutritional support and fluid and electrolyte
balance by the fourth post-operative day. However, as in all
medical or surgical interventions it is imperative to carry
these out with minimum morbidity and mortality. Smith
et al. (1985) reported on a series of fifty patients under-
going major upper gastrointestinal resection for cancer who
were randomised to post-operative jejunostomy feeding or
conventional intravenous fluids. Mean hospital stay was
significantly (P<0-05) prolonged in the group undergoing
enteral feeding. Moreover, there were twenty catheter-
related complications and one death due to leakage from a
catheter into the peritoneal cavity. Such studies emphasise
that any potential benefit from nutritional support can be
overwhelmed in the presence of complications related to
failures of technique.

In terms of nutritional status patients with major burns
appear to benefit from early enteral feeding, but this form of
nutritional support is not associated with a reduction in
morbidity or mortality (Gottschlich et al. 2002). When
compared with total parenteral nutrition, early enteral
feeding in patients with major abdominal trauma results in
a reduction in septic morbidity (Kudsk er al. 1992a,b).
However, it has been suggested that such an apparent
benefit is related more to the adverse effects of overfeeding
with total parenteral nutrition than to any true benefit from
enteral feeding per se (Jeejeebhoy, 2001). For patients in the

https://doi.org/10.1079/PNS2003299 Published online by Cambridge University Press

intensive care unit the situation is complex. However, the
overall consensus is that a shift from parenteral nutrition to
enteral nutrition has been of major benefit over the last 10
years. In relation to the routine post-operative surgical
patient it is more difficult to achieve a consensus. A recent
meta-analysis has emphasised a potential reduction in post-
operative infectious complications in patients given enteral
feeding with an immunomodulatory regimen (Heys et al.
1999). However, in one of the largest single-centre studies
(Heslin et al. 1997a,b) 195 patients with oesophageal,
gastric, pancreatic or bile duct cancer were randomised
to post-operative early enteral feeding with an immu-
nomodulatory regimen via a jejunostomy tube v. standard
intravenous fluids before commencement of oral diet. There
were no differences in major complications, length of stay
or post-operative mortality. Thus, the role of routine
placement of a feeding jejunostomy in patients undergoing
major upper gastrointestinal surgery is really only justified
on the basis of the usefulness of this route for the feeding of
patients who go on to develop intra-abdominal complica-
tions, rather than in the prevention of complications in
the first instance. Moreover, in the absence of routine
measures to improve gastrointestinal function in the imme-
diate post-operative period it has been demonstrated that
early post-operative enteral feeding results in impaired
respiratory mechanics and decreased mobility (Watters et al.
1997a,b).

It is now recognised that for the vast majority of patients
post-operative complications relate more to pre-operative
morbidity and the technical aspects of surgery than to
nutritional status per se. In particular, Pettigrew & Hill
(1987) demonstrated in a large cohort of patients under-
going abdominal surgery that the best predictor of
post-operative complications was the post-operative
assessment by the surgeon of how well the surgery had
gone. The development of more modern anaesthetic agents
and the frequent use of epidural anaesthesia (Rodgers et al.
2000) have probably further attenuated the importance of
the nutritional status of the patient in relation to post-
operative morbidity and mortality. In summary, in a modern
context it seems less realistic to expect that routine
nutritional support might influence post-operative outcome
in terms of major morbidity and mortality. More precisely,
there has been a shift in emphasis towards the use of
nutritional support to influence the rate and quality of
recovery of the patient.

Traditional post-operative care

Conventional post-operative care has emphasised resting the
gastrointestinal tract until full recovery of function occurs.
Patients are routinely fasted overnight pre-operatively and
frequently receive bowel preparation that can cause both
dehydration and fluid and electrolyte abnormalities. Recent
evidence has suggested it is entirely safe to allow intake of
clear fluids up to 2h before anaesthesia in most patients
(Fasting et al. 1998). It has also been suggested that routine
fluid and carbohydrate loading 2h before surgery can
attenuate post-operative insulin resistance and improve
patient well-being (Ljungqvist et al. 2002). Moreover,
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bowel preparation may not be necessary at all (Santos et al.
1994). Conventional pre-operative medication and anaes-
thesia can often leave the patient sedated for several hours
following surgery and therefore unable to sit up and take
fluids or diet. Opiate analgesia is used frequently and this
practice can contribute to post-operative sedation and also
increase the incidence of post-operative ileus, nausea and
vomiting. Patients frequently have a ‘nil by mouth’ sign
posted above their bed for 3-5d in the post-operative
period, and during this time they receive maintenance fluids
via the intravenous route. Recent evidence has suggested
that excess intravenous fluids (and in particular saline (9 g
NaCl/l)) may contribute to post-operative gastrointestinal
tract dysfunction, prolong post-operative stay (Lobo et al.
2002) and adversely affect overall clinical outcome (Frost
et al. 2001). Finally, patients also undergo enforced bed-
rest, not only as a part of traditional care, but also because of
the presence of drips, catheters and drains.

Within this traditional pattern of post-operative care
patients are thus subject to a period of starvation and
immobilisation that may last <1 week. In order to combat
the nutritional consequences of such starvation oral supple-
ments have been tested in order to try to enhance normal
food intake following recommencement of oral nutrition.
Such studies have demonstrated that oral supplements can
attenuate post-operative weight loss (Beattie et al. 2000).
However, recovery to pre-operative levels of nutritional
status may take many weeks or months. Prevention is surely
the better policy.

‘Enhanced recovery’ post-operative care

A more fundamental shift in terms of post-operative care
has been to consider enhancing the overall recovery rate of
patients following open abdominal surgery. This approach
has been pioneered by Henrik Kehlet, in Copenhagen,
Denmark, who suggested that the normal decline in
functional status that may occur over a period of weeks in
the post-operative period could be shortened to a matter of

.~ Enhanced recovery care

Rate of return of function

Traditional care

Days ] . Weeks
Post-operative period

Fig. 1. Different patterns of recovery following ‘traditional’ v.
‘enhanced recovery’ post-operative care.
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days by the use of multi-modal intervention (Fig. 1). He has
focused on post-operative pain, gut function and mobility.
These areas are seen as the main domains that delay time of
discharge. Patients can return home if their pain is
adequately controlled with simple oral analgesia, if they
are able to take sufficient fluids and nutrition to maintain
homeostasis, and if they are mobile enough to go to the
toilet etc. The interventions to address such issues include
optimisation of post-operative pain relief with epidural
anaesthesia. The latter is carried on for 48—72 h and allows
patients to be virtually pain free during this period. Epidural
anaesthesia and analgesia reduce both post-operative ileus
and the metabolic response to injury by blocking visceral
sympathetic and parasympathetic pathways (Holte &
Kehlet, 2002). The use of early oral enteral nutrition is
further encouraged by avoidance of both sedation in the
post-operative period and the routine use of opiate
analgesia. Patients are mobilised early on the basis of
adequate pain relief and a well-defined nursing care
pathway.

The success of this approach has been shown in studies
examining the recovery of patients following colo-rectal
resection (Basse et al. 2000). In a consecutive series of sixty
patients discharge was planned for 48 h following surgery
(rather than the more conventional 10-14 d). The median
age of the patients was 74 years and at least one-third of
patients had marked comorbidity. Thirty-two of the sixty
patients went home within 48 h, indicating that with an
accelerated stay programme it is possible to discharge the
majority of patients undergoing colo-rectal surgery above
the pelvic brim within a very short time frame.

As part of the Enhanced Recovery After Surgery Study
Group the possibility of establishing such an approach in
multiple countries throughout Europe has been examined. In
contrast to the normal policy of pre- and post-operative
starvation it has been demonstrated in the Colorectal Unit in
Edinburgh, UK that the majority of patients undergoing
major pelvic (anterior resection) surgery are able to take pre-
operative fluid and carbohydrate loading up to 2h before
going to surgery, and that at least a proportion are able to
commence oral fluids and oral feeds on the night of
operation and have their intravenous fluids discontinued on
their first or second post-operative day (Fig. 2). Moreover,
hospital stay has been reduced from approximately 10d
with traditional care to 7d with the enhanced recovery
programme (Fig. 3). Clearly, this remarkable change in rate
of recovery cannot be ascribed entirely to the nutritional
component of the programme. It will take many future
studies to define precisely the role of each individual
component in relation to patient’s rate of recovery.

Conclusion

Although artificial enteral or parenteral nutritional support
is not generally indicated for elective abdominal surgery, the
traditional approach of starving the patient undergoing
major abdominal surgery is now strongly under question. It
appears that if a multi-modal care pathway is adopted
marked oral nutrition and fluid intake can be achieved in the
immediate peri-operative period and the overall rate of
recovery can be enhanced.
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Fig. 2. Nutrition and fluid management in patients (n 33) undergoing colo-rectal (anterior) resection. Patients were subject to a multi-modal
care pathway that included routine pre-operative (pre-op) administration of a 400 ml oral fluids and carbohydrate drink (Pre-op®; Nutricia,
Trowbridge, Wilts., UK; zz) and free oral fluids and 200—400 ml of a whole-protein oral sip feed (Fortisip®; Nutricia; (H) from the day of surgery
onwards. Compliance is documented on post-operative day 1 (mm) and 2 (z==) for patients who were not only able to consume 400 ml of the sip
feed but who were able to take sufficient fluids overall to allow discontinuation of intravenous fluids (no IV). (KCH Fearon and R Luff on behalf of

the Enhanced Recovery After Surgery Group, unpublished results).
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Fig. 3. Length of hospital stay in a consecutive series of patients
undergoing colo-rectal (anterior) resection and following either a tra-
ditional peri-operative care pathway (n 48) or an enhanced recovery
after surgery pathway (n 33). Median values were significantly differ-
ent from those for the traditional treatment group (Mann-Whitney U
test): **P<0-01. (KCH Fearon and R Luff on behalf of the Enhanced
Recovery After Surgery Group, unpublished results.)
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