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a b s t r a c t

Background: The stress response to surgery involves catabolism and gluconeogenesis resulting in post-
operative hyperglycaemia. Postoperative hyperglycaemia is a risk factor for postoperative complications
and preoperative fasting further aggravates this response. A carbohydrate (CHO) drink instead of fasting
is expected to decrease insulin resistance and reduce post-operative hyperglycaemia. The aim of this
study was to assess the effect of the reduction of the pre-operative fasting period on post-operative
hyperglycaemia and post-operative complications in open surgery.
Methods: A hospital-based prospective case control study of 70 patients scheduled for elective surgery
were sampled to either a case (carbohydrate-loaded) or a control (FAST) group. Postoperative hyper-
glycaemia and complications were the primary and secondary outcomes respectively reported.
Results: 70 patients were recruited with 35 patients per group. 40 (57%) were females. The mean blood
glucose on the first postoperative day was significantly higher in those who fasted (146.20 ± 38.36 mg/
dl) than in those who received the energy drink (123.06 ± 26.64 mg/dl), p ¼ 0.004. Postoperative in-
fections were significantly higher in the control group than in the CHO group (31.43%; and 8.57%; 95% C.I:
1.23e19.47) p ¼ 0.033. The mean length of hospital stay was longer in the FAST (12.54days ± 15.08) than
in the CHO (9.17days ± 12.65) group although the difference was not statistically significant p ¼ 0.315.
The mean age, surgery type and mean duration of surgery were significant between groups but not upon
logistic regression for significant clinical and demographic variables.
Conclusion: Preoperative CHO loading is effective and safe in reducing post-operative hyperglycaemia
and infection in open general surgery even in a low resource setting.
© 2017 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Background

The potential role of nutritional intervention to optimize sur-
gical outcome has yet to be fully realized and nutritional energy
support is clearly underutilized in low resource settings [1]. The
stress response to surgery involves catabolism and gluconeogenesis
resulting in post-operative hyperglycaemia. Post-operative hyper-
glycaemia is a risk factor for postoperative complications and pre-
operative fasting further aggravates the response [2,3]. Traditional
guidelines recommend a 6e8 h period of pre-operative fasting to
reduce the risk of aspiration on induction of anaesthesia. This time

period relates to gastric emptying of solid food but gastric emptying
of fluid occurs within 2e3 h. Long-term prospective studies and
retrospective reviews of trials allowing consumption of up to a litre
of clear fluids up until 2 h pre-operatively, showed a subjective
improvement in post-operative recovery and improved patient
comfort with no increase in morbidity [4e6]. Pre-operative intake
of a carbohydrate drink has been shown by meta-analysis to
shorten length of hospital stay by reducing post-operative endo-
crine catabolic responses and improving insulin resistance [7]. A
major component of the enhanced recovery after surgery pro-
gramme (ERAS) is the pre-operative anabolic setting of the patient
with a carbohydrate (CHO) drink. This is shown to reduce the
catabolic response to surgery, improve insulin resistance and pre-
vent post-operative hyperglycaemia [8,9]. A Cochraine review
found that preoperative carbohydrate did not increase or decrease
postoperative complication rates when compared with placebo or
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fasting. There was a small reduction in the length of hospital stay.
However, the quality of evidence to support the effects of carbo-
hydrate supplements on complication rate was low because issues
with study design were identified and results were not similar
across studies [10]. The novelty of our study is the concept of giving
a preoperative CHO drink in the setting of open and not laparo-
scopic surgery utilized in the ERAS protocol. The hypothesis is that
reducing hyperglycaemia by giving a carbohydrate drink might
reduce infectious complications in the more stressful open surgery.
The aim of this study was to assess this constituent of ERAS- the
effect of preoperative CHO loading, on post-operative hyper-
glycaemia and complications in open surgery at a low resource
setting.

2. Methods

The hospital-based prospective case control study was per-
formed between December 10th, 2015 and March 18th, 2016. The
minimum sample size for the pilot study calculated statistically
from a previous study by Tran et al [11] and from the Charan and
Biswas formula [12] for quantitative variables (using difference in
means) given below was 64 (32 cases and 32 controls).

n ¼
�
r þ 1
r

�s2
�
Zb þ Za=2

�2
ðdifferenceÞ2

Charan and Biswas formula; (where n ¼ the number needed in
each group, s ¼ Standard deviation (obtained from previously
published studies); d ¼ expected mean difference between case
and control (based on previously published studies), r ¼ ratio of
control to cases ¼ 1 for equal number of case and control,
Zb ¼ standard normal variate for power i.e. for 80% power it is 0.84
and for 90% power value is 1.28, Za/2 ¼ standard normal variate for
level of significance¼ 1.96). From a previous study by Tran et al [11]
the mean blood glucose for the control (fasted) group was
6.9 mmol/L while that obtain for the treatment (CHO) group was
6.2 mmol/L. Implying d ¼ (6.9 mmol/L�6.2 mmol/L) ¼ 0.7 mmol/L.
Considering the s between the treatment and control groups was
1 mmol/L, from the above formula, r ¼ 1, Zb ¼ 0.84 and Za/2 ¼ 1.96.
Hence sample size ¼ (1 þ 1÷1) (1)2(0.84 þ 1.96)2÷(0.7)2 ¼ 32 par-
ticipants in each group giving a total of 64 participants required for
the study.

The inclusion criteria were patients undergoing elective inter-
mediate or major surgery, patients who signed an informed con-
sent and patient's BMI between 18 and 35 kg/m2. Those excluded
were diabetic patients, emergency surgery, pregnant or obstetric
patients, morbidly obese (BMI > 40 kg/m2 and patients with in-
testinal obstruction. Morbidly obese patients were likely to have
occult diabetes mellitus as insulin resistance is positively related to
obesity. 82 patients were initially eligible for the study but 12 were
excluded from the analysis for the following reasons: 5 refused to
participate in the case group; 1 had surgery 5 h after the CHO drink
although it was not within the minimum of 8 h to be in the fast
group; 2 did not take the CHO drink in the morning of surgery; 1
had undiagnosed diabetes; 3 had glucose infusion at measurement.
The remaining 70 patients in which 40 (57%) were females were
divided into 35 patients per group. The CHO group was defined as
patients who consumed 600 mls of a CHO drink (Malta Guinness)
containing 14 g CHO/100 mls (maltodextrins) the night before
surgery and 3 h before anaesthesia. The isotonicity of the drinkwith
body fluids allowed normal gastric emptying (Table 1). The FAST
group was defined as patients who fasted over a minimum of 8 h
before surgery. The patient in the case group was matched to the
patient in the control group of similar pathology and surgical

procedure. A fasting blood glucose (baseline glucose measurement)
was recorded using glucometer and strips (SD CODE FREE) prior to
receiving 330 mls CHO drink in the morning of operation (2e3 h
before anaesthesia) and a fasting blood sugar (baseline glucose
measurement) 2e3 h before surgery in the control group. The
postoperative capillary blood glucose (FBS) was measured in the
two groups 2 h after surgery (FBS) and on postoperative day 1
(POD1). Post-operative hyperglycaemia was defined as fasting
blood glucose >126 mg/dl (7 mmol/l). The formula for the per-
centage change inmean blood glucosewas given as the difference in
mean blood glucose/baseline blood glucose x 100. The percentage
change was related to insulin resistance and the percentage change
between the 2 groups (Fast and CHO loaded) would correlatewith a
percentage change of insulin resistance between the two groups.
Post-operative complications were documented. Datawas analysed
using Epi info versus 7 statistical software with significant criteria
(p < 0.005).

2.1. Statistical analysis

Data analysis was done with respect to objectives. Categorical
raw variables were compared using the Chi-square or Fischer exact
tests and means were compared using a non-parametric Test for
Inequality of Population Means (for normally distributed data only)
and Mann-Whitney/Wilcoxon Two-Sample Test if the p-value is
less than 0.05 suggesting that the variances are not homogeneous
and that the ANOVA may not be appropriate. The 95% confidence
interval and p value of each factor was reported, the level of sta-
tistical significance was set at p < 0.05. For comparison of the mean
preoperative and postoperative blood glucose in patients whowere
fasted preoperatively and in those who receive a CHO drink before
surgery, the mean blood glucose was obtained for each group with
its standard deviation. These values were then compared using the
Mann-Whitney/Wilcoxon Two-Sample Test. In order to compare
postoperative complications and mean length of postoperative
hospital stay in the two groups, the number of participants that
developed complications in each group was divided by the total
number of participants in that group. This provided the count
(percentage) of complications in each group with confidence limits
and the values where then compared using the Chi-square and
fisher exact test. The Fisher test was used when the number in any
cell was less than 5. The mean length of hospital stay and standard
deviationwas obtained and compared using the ANOVA test. Other
factors such as gender, age, associated co-morbidities, peri-opera-
tive fluids like glucose, type of surgical procedure, ASA status,
anesthesia type, duration of surgery and perioperative transfusion
were assessed for significant association between groups and with
postoperative complications using multivariate analysis. The type
of anaesthesia (general or spinal) and the associated postoperative
hyperglycemic outcome were compared using bivariate analyses.

Table 1
Nutritional content of CHO drink (Malta Guinness).

Typical value Per 100 ml

Energy 243KJ/57 Kcal
Protein 0.3 g
Carbohydrates 14 g
of which sugar 11 g (maltodextrins)
Fat 0 g
Sodium 0 g
Vitamin B1 0.18 mg
Vitamin B2 0.18 mg
Vitamin B3 2.4 mg
Vitamin B5 0.62 mg
Vitamin B6 0.25 mg
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