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LETTER TO THE EDITOR
Effect of preoperative clear
carbohydrate beverage on
emergence delirium in children −
a randomized controlled trialI
Dear Editor,

Preoperative carbohydrate loading has been shown to atten-
uate insulin resistance, maintain euglycemia and improve
recovery in pediatric patients.1 Children are particularly vul-
nerable to perioperative glucose fluctuations due to limited
metabolic reserves. Both hypoglycemia and hyperglycemia
have been linked to cognitive dysfunction and delirium.2,3

Despite these associations, the effect of carbohydrate load-
ing on Emergence Delirium (ED) remains underexplored.
This study investigates whether preoperative carbohydrate
drink administration reduces ED in children, focusing on fast-
ing duration and blood glucose levels as potential mediators.

This prospective, randomized, assessor-blinded study
included ASA I−II children aged 2−6 years scheduled for
elective ocular surgery. Standard fasting guidelines were fol-
lowed (> 6h for solids and > 2h for clear liquids). Partici-
pants were randomly allocated into:

� Group CD (Carbohydrate Drink): Received 3 mL.kg-1 (max
150 mL) of a commercially available clear carbohydrate
beverage 2h preoperatively.

� Group C (Control): Received an equivalent volume of
plain water at the same time interval.

A nurse uninvolved in the study administered the inter-
vention. The same commercial brand of a flavored sweet-
ened beverage (glucose content 12.9 gm/100 mL) was used
to ensure uniformity of carbohydrate load, palatability, and
voluntary intake among participants. Studies in children
using serial magnetic resonance imaging have confirmed
that 3 mL.kg-1 of such beverages return to baseline gastric
volumes within an hour, making this volume a safe choice.4

No premedication was given. Anxiety was assessed using
modified Yale Preoperative Anxiety Scale (mYPAS). Thirst
was assessed using a binary scale. All patients underwent
standardized inhalational induction with sevoflurane and
nitrous oxide. Compliance during induction was evaluated
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using Induction Compliance Checklist (ICC). After induction,
intravenous fentanyl (1−2 mg.kg-1) was administered, fol-
lowed by laryngeal mask insertion. Blood glucose levels
were measured at induction ‒ Fasting Blood Glucose (FBG)
and before emergence. Maintenance anesthesia was with
sevoflurane in oxygen/nitrous oxide and Ringer lactate fluid
infusion. Upon completion, sevoflurane was discontinued,
and 100% oxygen was administered. Intravenous ondanse-
tron (0.1 mg.kg-1) and paracetamol (15 mg.kg-1) were given.
After awake removal of the airway device, patients were
transferred to the Post-Anesthesia Care Unit (PACU). ED was
evaluated every 5 minutes for 30 minutes using the Pediatric
Anesthesia Emergence Delirium (PAED) scale. ED was defined
as PAED score > 10.5 Pain was assessed using Face, Legs,
Activity, Cry, Consolability (FLACC) scale. Vital signs were
continuously monitored. The primary outcome of the study
was incidence of ED in first 30 min in PACU. The secondary
outcomes were a) Association of fasting and emergence
blood glucose levels with ED and b) Correlation between pre-
operative fasting duration and FBG level.

SPSS Version 23.0 was used to analyse the data. The nor-
mality of data was checked using Shapiro-Wilk test. Indepen-
dent t-tests and Mann-Whitney U-tests were used as
appropriate. Categorical variables were compared using
Chi-Square or Fisher’s exact test. Spearman’s correlation
assessed relationships between fasting duration and FBG val-
ues. Significance was set at p < 0.05. Based on prior ED inci-
dence (»44.4%) in children undergoing ocular surgery,6 a
sample size of 39 per group (allowing for 10% dropout) was
calculated to detect a 30% reduction in ED with 80% power
(a = 0.05).

Seventy-eight children were randomized (39 per group).
The Table 1 depicts the patients’ demographic and clinical
characteristics. Eleven (28.2%) patients in group CD and 9
(23.1%) patients in group C exhibited postoperative ED
(p = 0.60, OR = 1.31; 95% CI: 0.47, 3.63). Children who devel-
oped ED had lower mean FBG and emergence glucose values
compared to those without ED, but these differences were
not statistically significant (p = 0.29 and 0.10, respectively).
No significant correlation was found between clear fluid fast-
ing duration and FBG (Spearman’s p = 0.16, p = 0.17). A mul-
tivariable logistic regression analysis was performed to
adjust for potential confounders including age, fasting dura-
tion, preoperative anxiety, quality of induction and duration
of anesthesia. In the adjusted logistic regression model,
clear fluid fasting duration was independently associated
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Table 1 Demographic and clinical characteristics of the studied patients.

Carbohydrate drink group (n = 39) Control group
(n = 39)

p-valuey,x

Age (years) 3.87 § 1.45 3.73 § 1.63 0.55
Gender: Male/Female 19 (48.7) / 20 (51.3) 15 (38.5) / 24 (61.5) 0.36
Weight (kg) 15.88 § 3.95 15.46 § 4.13 0.80
Type of admission: Out-patient / In-patient 23 (59.0) / 16 (41.0) 28 (71.8) / 11 (28.2) 0.23
Fasting for clear fluids (hours) 3.09 § 0.83 5.23 § 3.04 0.004
ASA Status I 39 (100) 39 (100) 1.00
Duration of procedure (minutes) 58.74 § 4.55 58.41 § 7.04 0.44
Discharge from PACU readiness (minutes) 60.00 § 15.73 59.49 § 14.68 0.89
Preoperative thirst 25 (64) 26 (67) 0.81
Preop mYPAS score 26.67 (23.33‒41.67) 28.33 (23.33‒41.67) 0.48
ICC score 0 (0−1) 1 (0−2.5) 0.31
FLACC score 0 (0−2) 0 (0−3) 0.39
Fasting blood glucose (mg.dL-1) 80 (76−87) 83 (79−86.5) 0.3
Blood glucose at emergence (mg.dL-1) 82 (77.5−86) 79 (76−84) 0.21

PACU, Postanesthesia Care Unit; ASA, American Society of Anesthesiologists; mYPAS, modified Yale Preoperative Anxiety Scale; ICC, Induc-
tion Compliance checklist; FLACC score, Face, legs, activity, cry and consolability score.
y Values are expressed as numbers (percentage), mean § SD or median (IQR).
x Independent t-tests and Mann-Whitney U tests were used as appropriate.
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with a higher likelihood of ED (OR = 1.87, 95% CI: 1.10−3.18,
p = 0.02). The other factors were not statistically significant
predictors in this model.

Our study found no difference in the incidence of ED
between the intervention and control group. Several factors
may explain this finding. First, the volume of carbohydrate
beverage administered may have been insufficient to pro-
duce a measurable physiological or behavioural effect. Pre-
vious studies using larger volumes (6‒15 mL.kg-1) of
preoperative oral fluids have reported reduction in preop
irritability among children.7,8 Second, ED is a multifactorial
phenomenon ‒ despite standardized anesthesia protocols,
individual variations in baseline anxiety levels, drug dos-
ages, anesthetic agents, anesthesia depth, emergence con-
ditions or postoperative pain may have influenced
outcomes. However, the absence of significant differences
in FLACC scores between children with and without ED sug-
gests that pain was not a major contributing factor to the
observed emergence behaviors. Third, the study population
‒ healthy children undergoing short-duration elective sur-
gery ‒might inherently have a lower baseline ED risk, reduc-
ing the likelihood of detecting a treatment effect. Finally,
only the outcome assessors were blinded-introducing a risk
of potential performance bias.

Glucose plays a key role in supporting neurotransmitter
activity and cognitive function, and fluctuations in glycemia
have been associated with agitation and impaired emer-
gence behaviors.2 By maintaining euglycemia, carbohydrate
loading may offer partial neurobehavioral protection during
emergence, addressing one component of the complex ED
pathophysiology. In our study, children who developed ED
had lower mean fasting and emergence glucose levels, but
the differences were not statistically significant. These find-
ings align with prior studies that suggest a potential but not
definitive link between perioperative hypoglycemia and
behavioral disturbances.8 The limited sample size along with
the modest glycemic differences observed may have been
insufficient to elicit a clinically meaningful effect.
2

The lack of a statistically significant correlation between
preoperative fasting duration and FBG levels indicates con-
siderable interindividual variability owing to factors such as
patients’ age, nutritional status, carbohydrate type and con-
tent of foods and drinks ingested in preoperative period,
baseline metabolic rate and hormonal regulation modulating
perioperative glycemic responses independently of fasting
duration.

Despite standardized preoperative instructions, a vari-
ability in actual fasting durations was observed among par-
ticipants in both groups. This discrepancy is likely
attributable to practical scheduling constraints, operating
room logistics, and variability in surgery start times-common
challenges in pediatric surgical settings. While we aimed to
adhere strictly to the fasting protocol, such deviations
reflect the real-world clinical environment, where delays or
early scheduling changes can extend or shorten fasting peri-
ods unpredictably. Longer fasting duration was found to be
independently associated with higher odds of ED.

In summary, oral carbohydrate preloading did not signifi-
cantly reduce the incidence of ED in this population. Further
studies are warranted to explore optimal carbohydrate com-
position, volume, and timing, and potentially examine addi-
tional outcomes such as parental satisfaction, perioperative
stress markers, and neurocognitive recovery.

Ethical approval, CTRI registration and consent to partici-
pate: Ethical approval for the study was obtained from Intra-
mural Institutional Ethics Committee (NK/7926/MD/547) on
25 November 2021. The study was prospectively registered
with Clinical Trial Registry of India (CTRI/2021/12/038688).
[Registered on: 16/12/2021]. Informed written consent
from the parents was obtained for inclusion in the study.
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