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Introduction

Abstract

Background: Perioperative oral supplementation has been shown to reduce
post-operative complications. However, the use of preoperative standard oral
supplements in a cohort of colorectal cancer patients has not been evaluated.
The present study examined whether preoperative supplements are beneficial in
this group.

Methods: In a randomised controlled trial, patients were assigned to receive
400 mL of oral supplement and dietary advice or dietary advice alone. Primary
outcome was the number of post-operative complications. One hundred and
twenty-five patients were recruited (59 randomised to the intervention group
and 66 to the control group) and nine were excluded.

Results: In the intervention group, 24 (44%) patients had a complication com-
pared to 26 (42%) in the control group (P = 0.780). In the intervention and
control groups, there were eight (15%) and 16 (25%) surgical site infections,
respectively (P = 0.140) and seven (13%) and 11 (17%) chest infections,
respectively (P = 0.470). Subgroup analysis for hypothesis generation included
83 (71%) weight-losing patients, where there was a significant reduction in sur-
gical site infections using the Buzby definition (P = 0.034), although this was
not the case for the Centre for Disease Control definition (P = 0.052).
Conclusions: There was no evidence that preoperative supplements were bene-
ficial in reducing the number of complications, although there may be some
benefit for surgical site infections in selected weight-losing preoperative
patients.

CRC patients were found to have lost weight, and weight
loss >10% was reported in 20% of this patient group

Obesity is often associated with colorectal cancer (CRC)
and, in a recent review, increasing body mass index was
found to be associated with a moderate increase in the
risk of developing colon and rectal cancers (Harriss et al.,
2009). However, during surgical management of CRC, it
was reported from a series of 578 CRC patients that 260
(45%) had lost more than 3 kg in the preoperative per-
iod, although the duration of this was not specified
(Brown et al., 1991). More recently, 66% of preoperative
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(Burden et al., 2010).

In a cross-sectional study of CRC patients, the median
weight loss for stage three and four disease was 18 kg
over the previous 6 months (Ravasco et al., 2003) and, in
a larger nutritional survey of gastrointestinal cancers, 48%
of patients had lost weight (Khalid et al., 2007). The liter-
ature highlights that weight loss is a problem in gastroin-
testinal cancer patients and that those with weight loss
have poorer outcomes (Andreyev et al., 1998).
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Clinical benefits of parenteral and enteral nutrition in
gastrointestinal surgery patients include reduced compli-
cation rates and length of stay, as well as improved
patient outcomes (Smith et al., 1985; Schroeder et al,
1991; Veterans Affairs 1991, Carr et al, 1996; Stratton
et al., 2003). These forms of nutritional support are
expensive and invasive, requiring hospital admission dur-
ing the preoperative period or significant logistics to facil-
itate home nutritional support. It is therefore logical to
examine whether the administration of oral nutritional
supplements, which are easy to administer, is of any ben-
efit clinically, as well as acceptable to the patient.

Nutritional support intervention in the perioperative
period has been evaluated using standard oral nutritional
supplements in mixed patient populations (Keele et al,
1997; Beattie et al., 2000; Macfie et al., 2000; Smedley
et al., 2004). In these trials, oral nutritional intervention
positively influenced the clinical course by reducing post-
operative complications. There is evidence, however, to
support the integration of nutrition into the care pathway
for CRC patients. The use of preoperative immune-
enhancing oral supplementation has been shown to
reduce complication rates in CRC patients (Waitzberg
et al., 2006). Immune-enhancing supplementation is an
expensive alternative to standard formula products.
Although a benefit has been demonstrated, their cost is
currently prohibiting large-scale implementation into rou-
tine practice in the preoperative period for elective CRC
patients.

Nutritional intervention in the form of oral supple-
ments costs the National Health Service £150 million
annually (Elia et al, 2006). This is a large enough area of
expenditure to justify investigation to allow nutritional
supplements to be targeted to specific patient groups. The
use of standard oral supplements has not previously been
evaluated in a fully powered trial recruiting only CRC
patients in the preoperative period. It is therefore justifi-
able to evaluate standard oral supplements in this targeted
group of patients. Many of the trials evaluating novel
substrates compare the intervention with standard supple-
ments in the control (Waitzberg et al., 2006) and thus do
not evaluate whether there is any benefit with standard
supplements compared to routine care with no nutrition
support. Furthermore, standard supplements have not
been evaluated in a single CRC cohort from the time that
patients first present for surgery, whereas immune-
enhancing nutrition is usually administered 5-7 days pre-
operatively. Accordingly, this trial is evaluating the
administration of standard supplements for a longer time
period.

The present study aimed to determine whether preop-
erative oral supplementation using a standard formulation
reduces the number of post-operative complications.

S. T. Burden et al.

Materials and methods

Patients presenting for elective curative surgery for CRC
were asked to participate. The inclusion criteria were
patients with CRC where surgery was their planned treat-
ment option, those aged >18 years and informed consent.
Patients were only included if there was a minimum per-
iod of 10 days before surgery (minimum period of oral
supplementation). Patients were excluded if they were
pregnant, enrolled in another trial, could not give
informed consent or had an inoperable tumour.

Intervention

Patients randomised to the intervention group received
400 mL of an oral supplementary drink daily and dietary
advice: the control group received dietary advice only.
Milk-based supplements (630 k] and 6 g protein per
100 mL; Fortisip® Nutricia Clinical Care; Nutricia Ltd,
Wilts, UK) were offered in the first instance and, if these
were not tolerated, a fruit juice (630 kJ and 4 g protein per
100 mL; Fortijuce® Nutricia Clinical Care; Nutricia Ltd)
was given. Patients were instructed to consume two cartons
totalling 400 mL daily between meals. Neither group could
be blinded to the intervention; however, ward staff were
unaware of the randomisation. Patients started the supple-
ments at the time of enrolment and continued until
surgery. Supplements were stopped at surgery and not
continued post-operatively. Dietary advice consisted of
increasing energy and protein from food based on an infor-
mation leaflet. To determine compliance, patients were
asked to keep a diary of how many drinks they consumed
daily and how much of the carton they consumed.

Patients were asked to enrol in the trial when it was
considered that surgery was appropriate by a consultant
surgeon. An information sheet was given to patients at
the clinic by the doctor seeing the patient, or posted to
the patient at a later date. All patients were visited at
home by a dietitian where consent was obtained. Baseline
data for all patients enrolled in the trial were recorded to
determine sample characteristics. This was a pragmatic
trial designed to determine effectiveness in the real-world
clinical environment.

Randomisation

Block randomisation was used to try to ensure that there
were similar numbers in each group. Weight loss was
considered to be a prognostic variable at baseline so that
patients were stratified according to percentage weight
loss in the previous 3—-6 months. Patients were weighed
before randomisation and divided into two strata for
randomisation: a weight loss from 0% to 9% and weight
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loss 210% in the previous 3—-6 months. Patients were
randomised using a numerical sequence of random blocks
generated by an independent statistician. Brown opaque
envelopes were used and an independent volunteer set up
the procedure. Each envelope was sequentially numbered,
allowing an audit trail. Patients were allocated to groups
by the dietitian when the patient was visited at home.

Post-operative complications

The primary outcome measure was total post-operative
complications recorded by applying two definitions of
complications: Centre for Disease Control (CDC) (Ayliffe
et al., 1993) and Buzby (Buzby et al., 1988). Data were
collected post-operatively from the medical notes and
complications were clarified with the clinical team as a
result of the practicalities of data collection over three
hospital sites. Secondary outcomes were infectious com-
plications, surgical site infections (SSI), chest infections
and urinary tract infections (UTI).

Antibiotics and length of stay

Antibiotics prescribed to treat infections post-operatively
were recorded. Date of admission, operation and dis-
charge were recorded, and length of stay was calculated.
The type of operation was recorded, along with cancer
staging information.

Nutrition measurements

All patients were assessed using subjective global assess-
ment (Detsky et al., 1984). The anthropometry under-
taken included weight, measured to the nearest 0.1 kg
using portable scales (model 1618; Tanita, Tokyo, Japan).
Height was measured to the nearest 0.5 cm using the
Harpenden pocket Stediometer (Practical Metrology,
Lancing, UK) and, where patients could not stand,
self-reported height was used for the body mass index
calculation. Grip strength was measured using a handgrip
dynamometer (British Indicators, Burgess Hill, UK). The
nondominant hand was used and the average of three
measures were recorded (Klidjian et al., 1982).

Grip strength is a functional assessment of nutritional
status and values <85% of an age- and gender-specific
reference range were taken as an indication of malnutri-
tion and predictive of post-operative morbidity (Klidjian
et al., 1980). Oral intake was recorded using a standard
dietary assessment technique, which comprised of
unstructured 24-h recalls (Bingham et al., 1994) at enrol-
ment and preoperatively to determine energy and protein
intake from food. Preoperative dietary recalls were under-
taken 48 h before surgery. Diet histories were analysed
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using COMP EAT 4 Nutritional Analysis Software (Nutri-
tion Systems, Banbury, UK). Co-morbidity was recorded,
including all past medical problems. The questionnaires
completed at baseline were the Hospital Anxiety and
Depression Scale (Snaith & Zigmond, 1983), Karnofsky
Performance Index (KPI) (Karnofsky, 1948).

Based on a reduction of complications in previous
studies (Beattie et al., 2000; Smedley et al., 2004), it was
calculated using nQuery Advisor 6 (Statcon, Witzenhau-
sen, Germany) that a total of 116 patients would be
required to give the study a power of 80% to detect (by
chi-squared test with 5% two-sided significance) a differ-
ence in the primary outcome of total post-operative
complications (50% versus 25% for the control and
intervention groups).

Analysis was performed according to the intention-to-
treat principle all patients enrolled who had surgery for
CRC were included. Patients were analysed in the groups
that they were randomly assigned to, irrespective of
whether or not they adhered to the intervention. The pri-
mary outcome was analysed using an adjusted and unad-
justed analysis. The adjusted analysis used logistic
regression with odds ratios and 95% confidence intervals.
The unadjusted analysis used Pearson’s chi-squared test
for the categorical data. The secondary outcomes were
analysed using t-tests for normally distributed interval
data and Mann—-Whitney U-tests for skewed data. Sub-
group analysis was planned on patients who were weight-
losing. The data were analysed using SPSS, version 11.5
(SPSS Inc., Chicago, IL, USA).

Central Manchester Ethics Committee approved the
study and local ethical approval was obtained to collect
data at two other hospital sites. Honorary contracts were
obtained where appropriate and management approval
was obtained.

Results

Sample characteristics

There were 125 patients enrolled in the study over a
2-year period and patients were followed up until 3 months
after their operation date; nine were excluded because they
did not go on to have surgery (CONSORT diagram;
Fig. 1). Of these nine patients, six had metastatic disease
and three patients died. These patients were excluded
because they did not go on to have surgical treatment and
supportive nutritional intervention could not be evaluated
post-operatively. Patient characteristics are shown in
Table 1. Data were missing for some patients for staging
and type of operation. Three patients did not complete the
questionnaires at the end of the enrolment session because
they were limited for time, which led to missing data for
Hospital Anxiety and Depression Score, subjective global

Journal of Human Nutrition and Dietetics © 2011 The British Dietetic Association Ltd. 2011 J Hum Nutr Diet, 24, pp. 441-448 443



RCT of preoperative oral supplements in colorectal cancer patients

S. T. Burden et al.

Figure 1 CONSORT diagram showing patients
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o Did not receive intervention n = 5 Did not receive intervention n = 4
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o Lost to follow-up n = 0 Lost to follow-up n =0
2
3
°
g
2 Analysed n = 54 Analysed n = 62
%‘ Excluded from analysis n = 5 Excluded from analysis n = 4
2 (n = 5 did not have surgery) (n =4 did not have surgery)

Table 1 Demographics including nutritional, clinical and patients
reported questionnaire

Intervention Control

(n = 54) (n = 62)
Age, mean (SD) 64.5 (13.9) 65.3(2.7)
Sex ratio (male : female) 34 : 20 38:24
Number of smokers 10 13
BMI (kg/m?), mean (SD) 25.0 (4.8) 26.8 (4.7)
% Weight loss, mean (SD)* 6.2 (6.8) 3.9 (4.8)
SGA-C and B: malnutrition 30 23
SGA-A: well nourished 23 37
Handgrip (kg), mean (SD) 26.6 (10.4) 27.7 (9.9)
KPI, mean (SD) 82.0 (12.0) 84.0 (14.8)
HADS, mean (SD) 12.1 (9.0 10.7 (7.2)
Anterior resection 21 24
APR 7 11
Right and left hemicolectomy 15 12
Hartmann'’s procedure 2 1
Total colectomy 1 2
Sigmoid colectomy 3 3
Laparotomy 2 2
Total pelvic clearance 2 3
Proctocolectomy 0 2
TNM stage 1 4 6
TNM stage 2 14 22
TNM stage 3 20 14
TNM stage 4 3 3
Other 2 11

SGA, subjective global assessment; KPI, Karnofsky Performance Index;
HADS, Hospital Anxiety and Depression Score; TNM, tumour, nodal,
metastatic; APR, abdominoperineal resection; BMI, body mass index.
*Qver the previous 6 months, unless otherwise stated, cell entries are
the number of patients.

enrolled, recruited, followed up and analysed.

assessment and KPI. There were 83 (71%) patients who
had lost weight in 3-6 months preceding surgery. The per-
centage of usual body weight lost was in the range 1-31%
[mean (SD), 5.8% (6.5%)].

The mean (range, SD) time to surgery was 37 (7-371,
54.7) days. Those who were randomised to the interven-
tion group received supplements for a minimum of
10 days to a maximum of 252 days [mean (SD) 37.6
(42.8) days]. The intervention was only given in the pre-
operative period. Surgery was delayed in nine patients as
a result of investigations and treatment of co-morbidities.

Compliance

Of the 54 patients randomised to the treatment group, 50
completed a diary to record compliance to the interven-
tion. It was reported that 36 (72%) of patients managed
100% of the intervention which was two full cartons
daily, eight (16%) managed 50%, which was at least one
carton daily and six (12%) managed <25% of the inter-
vention. Nausea and vomiting were reported by four
patients and exacerbation of diarrhoea was reported in
two cases. In four cases, data were missing because three
patients died post-operatively and one was transferred out
of area.

Nutritional intake data from enrolment and preopera-
tive time points using 24-h unstructured dietary recall are
summarised in Table 2. There was a significant difference
between the energy intake from enrolment to the preop-
erative time point. However, a significant difference was
not demonstrated for protein.

© 2011 The Authors
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Table 2 Dietary intake from 24-h recalls including calories and pro-
tein from sip feeds

Intervention, Control,
mean (SD) mean (SD)
Enrolment
MJ 5.5 (1.8) 5.9 (2.1)
kcal 1338.0 (431.0) 1421.0 (517.0)
Preoperative
MJ 7.2 (2.6)* 1(1.5)*
kcal 1722.6 (488.7)* 745 O (366.0)*
Enrolment protein 63.2 (28.6) 62.0 (22.0)
Preoperative protein 51.8 (33.6)** 33.0 (16.0)**

*P=0.001, **P=0.157.

Complications

This was a pragmatic trial so the effect of any differences
in variables at baseline on the outcome were evaluated
with an adjusted analysis. An adjusted analysis was per-
formed to determine whether the difference in nutritional
status, using weight loss, at baseline, which was cited as a
prognostic variable affected the primary outcome mea-
sure. This is reported in Table 3 and demonstrates that
the prognostic variables at baseline did not significantly
affect the outcome. Post-operative complications are
shown in Tables 4 and 5. A summary of the complication
rates for Buzby definitions are divided into four catego-
ries. Total complications comprise of infectious and non-

Table 3 Adjusted analysis using logistic regression of cancer staging
and percentage weight loss using Buzby definitions as the dependent
variable

95% confidence

intervals
Odds ratio Lower Upper Significance
Randomisation 1.07 0.43 2.66 0.875
% Weight loss 0.97 0.90 1.05 0.588
Staging 0.85 0.35 2.05 0.730

Table 4 Total numbers of patients with one or more complications
using Buzby definitions for infectious and non-infectious complications

Intervention  Control

(n = 54) (n =62)

n (%) n(% 1 P
Non-infectious 24 (44) 26 (42) 0.07 0.785

and infectious

Wound infection 8 (15) 16 (25) 2.12  0.145
Chest infection 7 (13) 1 (17) 0.50 0.478
Urinary tract infection 15) 6 (9) 0.12 0.724
Total number of patients 20 (37) 20 (37) 0.22 0.589

with an infection

© 2011 The Authors
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Table 5 Total number of patients with one or more complications
using the Centre for Disease Control definitions for infectious compli-
cations

Intervention Control

(n = 54) (n =62)

n (%) n (%) a P
Wound 16) 17 (27) 2.12 0.145
Chest 8 (15) 14 (22) 1.54 0.125
Urinary tract 8 (15) 6 (9) 0.12 0.724
Total patients with 20 (37) 27 (43) 1.21 0.271

an infection

infectious complications, SSI, chest and UTIs (Table 4). A
total is given for the number of patients who suffered a
post-operative infection defined by the CDC definitions
(Table 5).

Antibiotics
The number of patients in the control group who
received post-operative antibiotics was 28 (45%) com-
pared to the intervention group, which was 20 (37%;
P = 0.290).

Subgroup analysis

A subgroup analysis was undertaken on weight-losing
patients comparing SSI and chest infections by group.
This analysis included patients with a weight loss between
1% and 31% of their usual body weight. SSI and chest
infections were analysed for this group of patients.
Table 6 shows that there was a statistically significant dif-
ference between the intervention and the control groups
for SSI defined by the Buzby definition.

The length of stay (LOS) in hospital for this group of
patients was in the range 5-99 days. The median LOS in
the intervention group was 13.5 days, whereas it was
14 days for the control group.

Discussion

The present study aimed to evaluate the use of preopera-
tive nutritional supplementation in an elective cohort of

Table 6 Number of weight-losing patients with a wound or chest
infection

Intervention Control

(n = 46) (n = 37) a P
CDC wound 5 10 3.61 0.052
CDC chest 7 10 1.93 0.166
Buzby wound 5 10 8.41 0.034*
Buzby chest 6 8 1.92 0.377

*Significant P < 0.05. CDC, Centre for Disease Control.
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CRC patients. This RCT evaluated preoperative oral sup-
plements for CRC patients using post-operative complica-
tions as the primary outcome.

The intention-to-treat analysis identified no statistically
significant  difference between the intervention and
control groups for the primary outcome (i.e. total post-
operative complications) using two definitions: (i) Buzby,
which is popular in the nutritional literature (Buzby
et al., 1988), and (ii) that is recommended by the CDC
(Ayliffe et al., 1993). In this study, 71% elective surgical
patients with CRC were weight-losing preoperatively. Oral
nutritional supplements were beneficial at reducing
wound infections in this subgroup, although this was only
using the definition from Buzby et al. (1988) and not the
definition from CDC (Ayliffe et al., 1993).

In the present study, patients had to be contacted at
least 10 days preoperatively; therefore, those with rectal
tumours were more likely to be enrolled because they had
the longest preoperative lead in time. The differences in
the sample reflected the practicalities of patient recruit-
ment. The clinical population was obtained from outpa-
tient clinics over three hospital sites involving patients
referred to nine colorectal surgeons. The use of three cen-
tres for recruitment increased the generalisability. Only
16% of patients did not give consent in this study, which
is comparable to 21% in a similar trial (Smedley et al.,
2004).

At baseline, the percentage weight loss was higher in
the intervention group compared to the control group.
Weight loss has been shown to influence the incidence of
post-operative complications in previous studies (Brown
et al., 1991; Burden et al., 2010). This difference intro-
duces the possibility of bias into the trial. The randomisa-
tion was stratified on weight loss <9% and 210% in the
previous 6 months, although the data showed that six
patients in the intervention group had a weight loss
>15% compared to one in the control group. It is possi-
ble that this has affected the primary outcome measures.
An adjusted analysis was performed to evaluate chance
bias in predicting variables at baseline. The absolute size
of the imbalance decreases as the number of recruits
increases in a trial. Increasing the sample size can reduce
sampling error (Roberts & Torgerson, 1999) and a rea-
sonable number were recruited to help minimise the
effect of randomisation imbalance at baseline.

Preoperatively, the mean energy intake of the patients
was significantly different in the control group compared
to the intervention group. This was not seen for protein;
however, in the present study, 24-h recalls were used that
only give an indication of dietary intake over a short per-
iod of time. Assessing dietary intake for a longer period
of time may have affected the results and given more
insight into within person variation in dietary intake.

S. T. Burden et al.

Patients in the present study randomised to the inter-
vention group received the oral supplements for different
lengths of time and not all patients were compliant with
the intervention. This could have affected the outcome of
the nutritional status measurements, although improve-
ments in physiological measurements from nutritional
interventions have been reported in the absence of
improvements in nutritional status (Haydock & Hill,
1986). Collagen deposition after surgery was affected by
recent nutritional intake in the absence of any change in
anthropometric measurements (Haydock & Hill, 1986).
Collagen deposition and production are directly related to
wound healing. There was no difference in weight gain
between the two groups.

This trial has highlighted the effect on outcomes when
using different definitions for complications. There were
fewer complications according to the definitions from
Buzby compared to CDC. The main reason for this is
that the Buzby criteria for chest infections specify a
requirement for radiological confirmation and documen-
tation of pathological organisms in sputum. The CDC
definition for chest infection specifies new or increased
purulent sputum and/or a temperature >38 °C with
appropriate chest signs. For the Buzby definitions, there
were fewer wound infections recorded. For wound infec-
tions, the definitions are very similar; however, the CDC
definition included more detail, such as an increase in
temperature and the isolation of an organism.

The LOS reported in the present study was before the
introduction of any enhanced recovery after surgery
(ERAS) which, has been demonstrated to decrease hospi-
tal stay (Nygren ef al., 2009). The reported LOS in a simi-
lar trial without ERAS was 13.2 days for the control
group and 10.8 days for the intervention group (Keele
et al., 1997). The present trial was also conducted over
three hospital sites involving a number of surgical teams,
which enhances the effectiveness and the pragmatic nat-
ure of the trial, albeit with the converse affect of decreas-
ing the efficacy.

Post-operative complications were recorded for this
trial from patients’ medical notes when they were in hos-
pital and discussed with the clinical team. All complica-
tions identified at clinic visits for 3 months after surgery
were recorded. The method of collecting data thus relied
on the documentation of the complication and discussion
with the clinical teams managing the patients across three
different sites, which may have introduced bias into the
data collection.

The identification of preoperative CRC patients who
are weight-losing would be advantageous to allow the
early instigation of oral nutritional supplements. This
hypothesis is based on a subgroup analysis and should be
investigated further.

© 2011 The Authors
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In conclusion, the present study adds to the periopera-
tive literature in gastrointestinal surgical patients by eval-
uating oral supplements preoperatively. The time over
which supplements were given in the present study was
longer then in other trials (Waitzberg et al., 2006).
Supplements were instigated at the point that patients
were identified as outpatients as candidates for surgery.
The evidence for oral supplementation in gastrointestinal
surgery is expanding and this trial did not detect any evi-
dence of an advantage in administering oral supplements
to all patients with CRC preoperatively, although there
may be some advantage in weight-losing patients. Also,
because of the patients’ trajectory preoperatively and
radiotherapy in rectal cancer, it may be necessary to
investigate subgroups of these patients based on site of
tumour and nutritional status. Post-operative feeding is
now included in ERAS protocols that are established in
clinical practice, although there may still be a role for
early preoperative feeding in selected patients.

Acknowledgments

The authors would like to thank Mr E. Kiff, Mr M. Wilson,
Miss S. O’Dwyer, Sister M. Parker and Sister A. Usansky
for their assistance with patient recruitment; Dr A. ]. Makin
and Mrs L. Edwards for their support in managing the trial;
and Nutricia Ltd for providing the oral supplements.

Conflicts of interests, source of funding and
authorship

The authors declare they have no conflicts of interest.
Funding for this trial was from a NHS Fellowship Award,
Central Manchester Foundation Trust and Central Man-
chester Foundation Trust small awards.

SB carried out the study, data analysis and drafted the
manuscript. JH assisted with the identification of sample,
study design, interpretation of analysis and manuscript
preparation. JS participated in study design and contrib-
uted to the manuscript. MC undertook some of data
analysis and interpretation and assisted with the manu-
script. CT assisted with study design, interpretation of
analysis critically
reviewed the manuscript and approved the final version
submitted for publication.

and the manuscript. All authors

References

Andreyev, H., Norman, A., Oates, J. & Cunningham, D.
(1998) Why do patients with weight loss have a worse out-
come when undergoing chemotherapy for gastrointestinal
malignancy? Eur. J. Cancer 34, 503-509.

© 2011 The Authors

RCT of preoperative oral supplements in colorectal cancer patients

Ayliffe, G.A., Casewell, M.W., Cookson, B.D., Emmerson,
AM., Falkiner, F.R., French, G.L., Gray, J., Howard, AJ.,
Kelsey, M.C., Mehtar, S., Roberts, J., Rogers, T.R., Shanson,
D.C., Spencer, R.C., Swann, A. & Taylor, E. (1993) National
prevalence survey of hospital acquired infections: definitions.
J. Hosp. Infect. 24, 69-76.

Beattie, A.H., Prach, A.T., Baxter, J.P. & Pennington, C.R.
(2000) A randomised controlled trial evaluating the use of
enteral nutritional supplements postoperatively in malnour-
ished surgical patients. Gut 46, 813—818.

Bingham, S., Gill, C., Welch, A., Day, K., Cassidy, A., Khaw,
M.]. & Key, A. (1994) Comparison of dietary assessment
methods in nutritional epidemiology: weighed records v.

24 h recalls, food frequency questionnaires and estimated-
diet records. Br. J. Nutr. 72, 619-643.

Brown, S.C., Walsh, S., Abraham, J.S. & Sykes, P.A. (1991)
Risk factors and operative mortality in surgery for colorectal
cancer. Ann. R. Coll. Surg. Engl. 73, 269-272.

Burden, S.T., Hill, J., Shaffer, J. & Todd, C. (2010) Nutritional
status of preoperative colorectal cancer patients. J. Hum.
Nutr. Diet. 23, 402—407.

Buzby, G.P., Knox, L.S., Crosby, L.O., Eisenberg, J.M.,
Haakenson, C.M., McNeal, G.E., Page, C.P., Peterson, O.L,,
Reinhardt, G.F. & Williford, W. (1988) Study protocol: a
randomised clinical trial of total parenteral nutrition in mal-
nourished surgical patients. Am. J. Clin. Nutr. 47, 366-381.

Carr, C.S,, Ling, K.D.E., Boulos, P. & Singer, M. (1996)
Randomised trial of safety and efficacy of immediate post-
operative enteral feeding in patients undergoing gastrointes-
tinal resection. BMJ 312, 869-871.

Detsky, A.S., Baker, J.P., Mendelson, R.A., Wolman, S.L.,
Wesson, D.E. & JeeJeebhoy, K.N. (1984) Evaluating the
accuracy of nutritional assessment techniques applied to
hospitalised patients: methodology and comparisons.

J. Parenter. Enteral Nutr. 8, 153—159.

Elia, M., Stratton, R., Russell, C., Green, C. & Pan, F. (2006)
The cost of disease-related malnutrition in the UK and eco-
nomic considerations for the use of oral nutritional supple-
ments (ONS) in adults. Available at http://www.bapen.org.
uk/reports.htm (accessed on 21 February 2006).

Harriss, D.J., Atkinson, G., George, K., Tim Cable, N., Reilly,
T., Haboubi, N., Zwahlen, M., Egger, M. & Renehan, A.G.
(2009) Lifestyle factors and colorectal cancer risk (1): sys-
tematic review and meta analysis of associations with body
mass index. Colorectal Dis. 11, 547-563.

Haydock, D.A. & Hill, G.L. (1986) Impaired wound healing
in surgical with varying degrees of malnutrition. J. Parenter.
Enteral Nutr. 10, 550-554.

Karnofsky, D. (1948) The use of nitrogen mustard in palliative
treatment of carcinoma. Cancer 4, 634—654.

Keele, A.M., Bray, M.]., Emery, P.W., Duncan, H.D. & Silk, D.
(1997) Two phase randomised controlled clinical trial of
postoperative oral dietary supplements in surgical patients.
Gut 40, 393-399.

Journal of Human Nutrition and Dietetics © 2011 The British Dietetic Association Ltd. 2011 J Hum Nutr Diet, 24, pp. 441-448 447



RCT of preoperative oral supplements in colorectal cancer patients

Khalid, U., Spiro, A., Baldwin, C., Sharma, B., McGough, C.,
Norman, A.R,, Eisen, T., O’Brien, M.E.R., Cunningham, D.
& Andreyev, H.J.N. (2007) Symptoms and weight loss in
cancer patients with gastrointestinal and lung cancer at
presentation. Support. Care Cancer 15, 39—46.

Klidjian, A.M., Foster, K.J., Kammerling, R.M., Cooper, A. &
Karran, S.J. (1980) Relation of anthropometric and
dynamometric variables to serious postoperative complica-
tions. BM]J 281, 899-901.

Klidjian, A.M., Archer, T.J., Foster, K.J. & Karran, S.J. (1982)
Detection of dangerous malnutrition. J. Parenter. Enteral
Nutr. 6, 119-121.

Macfie, J., Woodcock, N.P., Palmer, M.D., Walker, A.,
Townsend, S. & Mitchell, C.J. (2000) Oral dietary supplements
in pre- and postoperative surgical patients: a prospective and
randomised control trial. Nutrition 16, 723—728.

Nygren, J., Soop, M., Thorell, A., Hausel, J. & Ljungqvist, O.
(2009) An enhanced recovery protocol improves outcome
after colorectal resection already during the first year: a sin-
gle centre experience in 168 consecutive patients. Dis. Colon
Rectum 52, 978-985.

Ravasco, P., Monteiro-Grillo, I. & Vidal, P.M. (2003) Nutri-
tional deterioration in cancer: the role of disease and diet.
Clin. Oncol. (R. Coll. Radiol.) 15, 443-450.

Roberts, C. & Torgerson, D. (1999) Baseline imbalance in
randomised controlled trials. BMJ 319, 185.

S. T. Burden et al.

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

Smedley, F., Bowling, T., James, M., Stokes, E., Goodger, C.,
O’Connor, O., Oldale, C., Jones, P. & Silk, D. (2004)
Randomised clinical trial of the effects of preoperative and
postoperative oral nutritional supplements on clinical course
and cost of care. Br. J. Surg. 91, 983-990.

Smith, R.C., Hartemink, R.J., Hollinshead, J.W. & Gillett, D.]J.
(1985) Fine bore jejunostomy feeding following major
abdominal surgery: a controlled randomised clinical trial.

Br. J. Surg. 72, 458—461.

Snaith, R.P. & Zigmond, A.S. (1983) The hospital anxiety and
depression scale. Acta Psychiatr. Scand. 67, 361-370.

Stratton, R.J., Green, C.J. & Elia, M. (2003) Disease-Related
Malnutrition: An Evidence-Based Approach to Treatment.
Cambridge: CABI Publishing.

The Veterans Affairs total Parenter Nutrition Cooperative
Study Group (1991) Perioperative total parenteral nutrition
in surgical patients. N. Engl. J. Med. 325, 526-532.

Waitzberg, D.L., Saito, H., Plank, L.D., Jamieson, G.G., Jagan-
nath, P., Hwang, T.L., Mijares, J.M. & Bihari, D. (2006) Post
surgical infections are reduced with specialised nutritional
support. World ]. Surg. 30, 1592—1604.

© 2011 The Authors

448 Journal of Human Nutrition and Dietetics © 2011 The British Dietetic Association Ltd. 2011 J Hum Nutr Diet, 24, pp. 441-448



