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Abstract

Objectives: Hypoglycemia is a recognized danger in pediatric patients. Ex-
tended period of preoperative fasting in this subset of patients is not well to-
lerated with metabolic derangements. The oral carbohydrate loading preope-
ratively can ameliorate many adverse effects. The aim of this study was to
compare the glycemic profile in pediatric cardiac surgical patients kept fasting
preoperatively with those fed oral clear solutions of carbohydrate half hour
prior to induction of anaesthesia. Also we tried to establish a correlation with
other factors contributing to preoperative hypoglycemia. Methodology: We
planned a randomized controlled study. Group A included patients who were
kept fasting according to the ASA guidelines preoperatively and Group B in-
cluded patients who received 2 ml per kg of body weight of 10% Dextrose wa-
ter as oral feeds half hour before the expected time of start of anaesthesia. Re-
sults: The mean (SD) preoperative BG concentrations were higher in group B
(102.5 £ 16.97) as compared to group A (64.08 £ 25.37) (p value < 0.0001).
Additionally in both the groups, cyanotics had a higher propensity towards
decreased preoperative blood sugar levels (correlation coefficient —0.86 and
—0.67) (p value < 0.05). Conclusion: Preoperative oral carbohydrate preload-
ing can develop as the easiest and cheapest path to better perioperative blood
glucose concentration management in congenital cardiac disease children.
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1. Introduction

The perioperative period represents a crucial moment in the outcome of child-
ren with congenital cardiac disease (CCD). In this period, patients undergo sig-
nificant changes in blood volume, plasma composition, dyselectrolytemia due to
ongoing medications, and psychological perturbations, with important patho-
physiological consequences [1]. The perpetuation of the pathological state can
lead to occurrence of clinical-surgical complications [2]. Hypoglycemia is recog-
nized as being a perioperative danger in paediatric practice predisposing to le-
thargy, irritability and metabolic acidosis finally culminating to complications
like seizures. The brain can suffer irreversible injury during acute hypoglycemic
episode [3]. During surgery, there is a rise in the plasma glucose level in normal
adult, but it has been shown that children do not respond with a hyperglycemic
reaction to the same degree.

In recent years, the pre-operative fasting for pediatric patients undergoing
elective surgical procedures has seen changing trends towards shorter time in-
tervals. Fasting for many hours prior to anaesthesia can lead to release of stress
hormones and pro-inflammatory cytokines leading to insulin resistance, hyper-
glycemia and catabolism, thereof increasing percentages of postoperative com-
plications [4]. The preoperative administration of carbohydrates has beneficial
effects on the metabolic response to stress, mainly by decreasing tendency to
hypoglycemia, decreasing catabolism and promoting earlier postoperative re-
covery times [5]. The prescription of these liquids helps preserve intravascular
volume, improving hemodynamics and facilitating obtaining peripheral venous
access. Shortening the preoperative fasting contributes to reducing hunger, thirst
and anxiety of patients, and so they show greater cooperation at the time of
anesthesia induction. The current ASA fasting guidelines are commonly applied
to all pediatric patients irrespective of the nature of disease, surgery planned and
demographic variables [6].

A cardiac anaesthesiologist must carefully consider the pathophysiology of the
CCD in the child, the nil per os (NPO) status and patient-specific methods of
treatment to optimally manage the preoperative glycemic status. In the popula-
tion of pediatric cardiac surgical patients, there is no study evaluating the gly-
cemic status pre-operatively and generalized fasting guidelines have been applied
to cyanotics as well as acyanotics. Also, no study has evaluated effect of preoper-
ative administration of carbohydrates in this group of patients.

We hence, conducted a randomized controlled study (CTRI number:
CTRI/2018/05/014033) among pediatric patients with congenital cardiac disease
to investigate the events of hypoglycemia pre operatively and associated compli-
cations in those kept fasting according to ASA guidelines as compared to those

administered preoperative oral carbohydrate solution.

2. Methods

After approval by the institutional ethics committee and written informed con-
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sent, 120 patients aged between one day to 5 years belonging to ASA grade II -
IIT undergoing elective cardiac surgery for congenital cardiac disease in the year
2015 and 2016 were enrolled in this randomized controlled study. The patients
were allocated into two groups based on sealed envelope technique. Group A in-
cluded patients who were kept fasting according to ASA guidelines preopera-
tively and Group B included patients who received 2ml per kg of body weight of
10% Dextrose water as oral feeds half hour before the expected time of start of
anaesthesia. Patients on prior ventilatory support, corticosteroid therapy, di-
abetes, sepsis and metabolic disorders were excluded from the study.

All patients underwent preanaesthetic examination one day prior to surgery.
Premedication was given with syrup Promethazine at a dose of 1 mg/kg. Inside
the OR standard monitoring Ze. electrocardiography, pulse oximetry, non-invasive
blood pressure was instituted. Intravenous access was secured and immediately
blood glucose concentrations were measured from the venous blood which re-
turned to the hub of the catheter inserted. Blood glucose analysis was done using
glucometer.

Hypoglycemia was defined by standard definitions:

Neonatal hypoglycemia—blood glucose level of less than 30 mg/dL (1.65
mmol/L) in the first 24 hours of life and less than 45 mg/dL (2.5 mmol/L) the-
reafter till one year of age [7].

Hypoglycemia—blood glucoselevels less than 60 mg/dl (3.3 mmol/l) till 2
years of life and less than 70 mg/dl (3.9 mmol/l) thereafter [8] [9].

Hypoglycemia, if diagnosed, was corrected with 10% dextrose containing so-
lutions @ 2.5 ml/kg intravenously. Thereafter, anaesthesia was conducted as per
routine protocol. Arterial line and central venous catheter were secured under all
aseptic precautions after induction of anaesthesia. Arterial blood gas analysis
was done immediately after this to obtain baseline hematocrit and calcium levels
in addition to other parameters.

Statistical analysis: The primary observation of the study was blood glucose
concentrations prior to induction of anaesthesia. Secondary observations were
hours of pre-operative fasting, signs of pre-operative hypoglycemia like sweat-
ing, lethargy, excessive crying, baseline calcium and hematocrit levels and any
complications like seizures, aspiration, hemodynamic instability etc. Based on
the results of a previous study, the blood glucose concentration in children ad-
ministered oral carbohydrate solution preoperatively was 82.9 mg/dl (SD 6.02
mg/dl). To detect a difference of 10% for the same, prospective power analysis at
90% power and a 0.05 level of significance (2 sided), a sample size of 60 patients
in each group was required. Therefore, we studied a total of 120 patients. We
used SAS 9.0™ statistical software (SAS Inc., Cary, North Carolina, USA). Data
were tested for normality using Kolmogorov-Smirnov test. Student’s t-test was
used to analyze the parametric variables. Categorical measures were compared
using chi-square test. Pearson’s correlation coefficient test was used to find rela-

tion between the congenital condition (cyanotic vs. acyanotic) and preoperative
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blood glucoseconcentrations, baseline calcium levels and hematocrit. The value
of correlation coefficient was calculated between -1 and +1. Linear regression
was used to determine relationship of preoperative blood glucose concentration
with independent variables. A p-value of <0.05 was considered statistically sig-

nificant.

3. Results

There were 120 patients enrolled in the study with no dropouts. Patients in both
the groups had comparable demographic variables like age, gender, weight, ASA,
cardiac condition (Table 1).

The primary outcome of the study was to compare the preoperative blood
glucose concentrations between groups A and B. The mean (SD) preoperative
blood glucose concentrations were higher in group B (102.5 £ 16.97) as com-
pared to group A (64.08 £ 25.37). The difference was statistically significant with
a pvalue < 0.0001.

Also within each group the cardiac condition ie. cyanotics vs acyanotics was
correlated with the blood glucose concentrations. There was a strong negative
correlation (—0.86) of the condition with the blood glucose levels in group A.
The correlation was moderately negative in group B (-0.67). Thus in both the
groups, cyanotics had a higher propensity towards decreased preoperative blood
sugar levels with a p value < 0.05.

Additionally we compared the preoperative ionic calcium levels as well as he-
matocrit in both the groups. They were comparable with p values of 0.14 and
0.87 respectively.

From our data correlation, we also found that irrespective of the blood gluco-
seconcentration and fasting status, the calcium levels were strongly negatively
correlated (—0.78) with the cardiac condition Ze. children with cyanotic conge-
nital heart disease had decreased baseline calcium levels (Figure 1).

Using linear regression analysis, we found that gender, cardiac condition and
the study group to be independent factors in determining the preoperative blood
glucose concentrations (p < 0.05). Based on this, the linear regression model for
pre operative blood glucose levels was represented as:

Preoperative BS = 88.10 + 39.63 x (Group B) - 6.42 (Female) - 35.22
(Cyanotic)

No complication was recorded in either group during the study period. Thirty
nine (65%) patients in group A had signs of hypoglycemia like excessive crying,
increased sweating and irritability in the preoperative period which was either
reported by the parent or the attending nurse. Of these twenty eight patients
were with cyanotic heart disease. Only fourteen patients (23%) in group B had
similar symptoms and all of them had cyanotic heart disease.

The total duration of fasting (time from last clear fluid taken) was comparable
in both the groups with a mean (SD) duration of fasting in group A of 364.06
(193.51) minutes and in group B of 311.84 (185.84) minutes with a p value of
0.13.
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Table 1. Characteristics of patients in group A and B. Values are mean (SD) or number

(proportion).
G A G B
Demographic variables roup Toup pvalue
n =60 n =60

Age; years 3.15 (3.58) 2.56 (3.01) 0.33

Gender; M/F 42/ 18 41/ 19 0.64

Weight; kg 13.14 (8.45) 11.9 (8.22) 0.41

Cardiac condition; cyanotic/acyanotic 37/23 39/21 0.70

Preoperative blood glucose

64.08 (25.37) 102.5 (16.97) <0.0001

concentrations (mg/dl); mean (SD)
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Figure 1. Scatter plot diagram correlating preoperative blood glucose levels with baseline

calcium levels.

4. Discussion

“Nil per oral” has been the dictum in perioperative anaesthesia care. This ap-
proach has recently been extensively debated worldwide within the anaesthesia
fraternity. Studies in adults found that the use of drinks containing carbohy-
drates in the preoperative period determines greater satisfaction, less irritability,
lower incidence of vomiting, better gastric emptying and smaller organic re-
sponse to surgical stress [10]. In children it has also been observed that the use of
carbohydrate drinks before the surgical procedure is safe [11]. In our study, we
studied pediatric patients with congenital heart disease to observe there response
to carbohydrate rich oral fluids in the preoperative period. Patients administered
such carbohydrate solution had lower incidence of hypoglycemia with mean
blood glucose levels of 102.5 mg/dl as compared to those kept fasting as per
protocol (64.08 mg/dl).

The American Society of Anesthesiologists recommends for patients of any
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age, previously healthy and who will undergo elective surgical procedures with
the use of anesthesia, fasting periods of 2 hours to clear liquids (water, juices
without pulp, carbohydrate drinks, teas); 4 hours for breast milk; 6 hours for
formula milk, non-human milk and snacks (toast and clear liquids); and 8 hours
to fatty foods or fried food [6]. However, these fasting protocols become difficult
to be enforced due to sleeping pattern of the child, parental anxiety, varying in-
stitutional practices, expected and actual time of shifting to OR etc. [12]. Hence
children may remain fasting for longer periods than recommended, sometimes
culminating to more than 12 hours. These long periods of food abstention can
lead to thirst and dehydration, hunger, hypoglycemia (especially children who
have lower reserves of glycogen), irritability, headache and non-cooperative and
inconsolable child at induction of anaesthesia. Also they are liable to delayed
arousal from anesthesia, causing unpleasant experience for these small patients
[13] [14]. In our study we experienced that patients were fasting for more than
recommended hours in both the groups despite clear instructions to parents.
Most of these were due to the child going off to sleep before taking there last
meal. The second common reason was due to delay in surgery as they were
posted as second or third case in the operative list.

Statistical analysis within each group demonstrated intra-group variability
with cyanotics being at higher risk for hypoglycemia as compared to acyanotics
in both the groups. This negative correlation suggests that fasting guidelines
cannot be standardized to all pediatric patients with congenital heart disease.
Also intravenous fluid started for cyanotic patients in the preoperative period
cannot become a substitute for oral preloading. Compared to intravenous supply
of glucose, preoperative oral supply of carbohydrate solution decreases the gas-
tric residual volume [15].

The one area of concern with such an oral carbohydrate preloading is the risk
of pulmonary aspiration due to larger residual gastric volume. No child in either
group had any regurgitation or aspiration against that expected with giving oral
fluids 30 minutes prior to shifting to OR. Gastric emptying for liquids in child-
ren is fast. Schmitdz et al observed that the average gastric emptying time as seen
by serial MRI imaging in 16 children between 6 - 14 years who were offered vo-
lume of 7 ml/kg, was only 30 minutes [16]. Schmidt et a/ found no difference in
residual volume or gastric pH in children after 1 - 2 hours of clear fluid intake
[17]. According to Senayli ef al, the use of the ready-to-use solution of carbohy-
drates in children is safe and does not alter pH of gastric contents compared to
children fasting until surgery and receiving drinking water [18].

Preoperative thirst has been suggested to be the main contributory factor of
patient discomfort, followed by hunger and anxiety [19]. Clear drinks alleviate
thirst but their effect on hunger is inconclusive [20] [21]. Children administered
oral carbohydrate preload in our study had less evidence of discomfort, irritabil-
ity, dry mouth, excessive crying etc.

The cyanotic patients in both the groups had lower levels of ionic calcium as
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compared to acyanotics. This finding can be attributed to the fact that majority
of congenital heart disease have a genetic contributing factor. Commonly most
of these patients have been reported to have abnormality in chromosome 22 q
which is linked to various genetic disorders like CATCH22, Digeorge syndrome
etc [22] [23] [24]. A low level of calcium is contemplated in these conditions [25]
[26]. We did not perform genetic screening in our patients to rule out Digeorge
syndrome. Cyanotics can be evaluated for Digeorge syndrome with low calcium
levels serving as an indirect indicator.

Our study had a few limitations. We did not assess the postoperative glycemic
response of our patients. We could not limit our study to only those taken as
first case in the morning of surgery. Hence it produced wide variability in fasting
times. We have used a very small volume of oral preload as compared to other
studies. That could be the contributing factor to no complication of aspiration.

Oral preload with carbohydrate rich solution has been successfully im-
ple-mented in many surgical fields with improved outcomes. There advantages
in cardiac surgical patients need further introspection especially in the pediatric
group to avoid the unpleasant long duration of fasting. Also no study has de-
fined an ideal preloading oral carbohydrate drink. Our study highlights key is-
sues of tolerance, compliance and safety of preoperative oral supply of carbohy-
drate preparations in children. The present time demands a need to revisit fast-
ing guidelines and base it on type of patient profile rather than generalizing it for
all.

5. Conclusion

Preoperative oral carbohydrate preloading can develop as the easiest and cheap-
est path to better perioperative blood glucose concentration management in
congenital cardiac disease children. This can reduce the hypoglycemia associated
adverse events and improve cooperation during preoperative period. From the
observations in our study we highlight the need to individualise fasting protocols

based on the particular condition being addressed.
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