


Effect of pre-cesarean section maternal carbohydrate loading on neonatal glycaemic control: a randomized controlled trial 
Short title: Maternal pre caesarean Section Carbohydrate and Neonatal Glycaemia Trial
Acronym: MCNG trial
Abstract
Background: An enhanced recovery strategy involves various pre, intra, and postoperative steps to reduce the normal stress response and organ dysfunction associated with surgical insult, with the ultimate aim of reducing time to  full recovery. Preoperative carbohydrate administration is one of the components of an enhanced recovery strategy. However, preoperative carbohydrate treatment for pregnant women undergoing elective caesarean section has the potential to cause rebound hypoglycaemia in the newborn infant. The glycaemic control of newborn infants born to mothers receiving preoperative carbohydrate loading, as a part of an enhanced recovery strategy has not previously been studied.
Methods: We propose a pilot randomized controlled clinical trial to investigate the effect of preoperative carbohydrate loading in pregnant women undergoing elective caesarean section, on the glycaemic control of newborn infants. One hundred pregnant women scheduled for an elective caesarean section will be recruited after informed consent. They will be randomised to either intervention or control arm, and receive preoperative carbohydrate loading or no carbohydrate loading respectively. The remainder of their peri-operative management will be as per King Edward Memorial Hospital (KEMH) protocol for enhanced recovery. Newborn infants will be monitored for the risk of hypoglycaemia using KEMH neonatal unit guidelines for “infants at risk of hypoglycaemia”20. 
Outcomes: The primary outcomes will be blood glucose concentration in newborn infant at four and ten hours of life, and the requirement for admission to newborn nursery for the management of hypoglycaemia. Secondary outcomes will include maternal blood glucose concentration during caesarean section, maternal medication requirement for postoperative nausea, and length of hospital stay.  
Significance: If the study shows that should this pilot study show that pre caesarean section carbohydrate does not increase risk of hypoglycaemia in newborn infants, we can safely introduce this component to our enhanced recovery protocol.  Pre caesarean section carbohydrate loading has the potential to enhance maternal recovery and decrease length of hospital stay resulting in financial saving.   

Background:
Enhanced recovery or fast track surgery involves novel approaches in pain control, the introduction of techniques that reduce the perioperative stress, the use of minimally invasive surgery, and aggressive postoperative rehabilitation with the aim of  shortening time to recovery and improve patient satisfaction.(1) Enhanced recovery is now widely practiced in colorectal surgery.(2) It has the potential to reduce postoperative hospital stay with concomitant financial savings, without increasing perioperative complications or re-hospitalisation rates.(3, 4) Enhanced recovery has been instigated in many centres worldwide for women undergoing elective caesarean section. 
Preoperative carbohydrate drink is one of the important components of the enhanced recovery strategy.(7, 8) Oral intake of 40 to 50 grams of complex carbohydrate such as maltodextrin is recommended preoperatively at around two hours prior to surgery.(9) Maltodextrin, a polypeptide prepared from partial hydrolysis of starch, is used due to its rapid absorption, low osmolarity, and moderate sweet taste. Carbohydrate drinks mitigate the postoperative insulin resistance that results from fasting and operative stress.(10-12) Increasing postoperative insulin resistance is associated with increasing length of postoperative hospital stay.(10, 11)
Preoperative carbohydrate drinks are already used as part of the enhanced recovery strategy in obstetrics for elective caesarean sections.(7, 13) However, the effect of preoperative carbohydrate administration to women undergoing elective caesarean section, on the glycaemic control of newborn infants has not yet been studied. Fetal blood glucose concentration is closely related to maternal blood glucose concentration.(14) High maternal blood glucose level immediately before delivery leads to high blood glucose level in the fetus and a subsequent increase in fetal insulin secretion; which in turn may cause a greater drop in blood glucose level when continuous trans-placental supply of glucose is interrupted following delivery.(15) Maternal infusion of intravenous glucose during delivery results in low blood glucose concentration in newborn infants.(16, 17) In a prospective study involving 45 nondiabetic women undergoing elective caesarean section, preoperative intravenous administration of 5% glucose was associated with significant increase in maternal glucose concentration and decrease in neonatal glucose concentration as compared with administration of intravenous 1% glucose.(18) No information is available regarding glycaemic control of newborn infants born by a caesarean section after use of preoperative oral carbohydrate loading.  
We propose a pilot randomized controlled trial to investigate changes in blood glucose concentration in newborn infants where mothers are given pre-caesarean carbohydrate loading. Our objective is to compare blood glucose concentrations in the newborn infants born by elective caesarean section where mother received pre-operative carbohydrate with those where mother did not receive pre-operative carbohydrate loading.  
Methods: 
Study design and setting: This is a randomized, placebo-controlled, single centre pilot study. The RCT will be conducted at a tertiary level perinatal centre (King Edward Memorial Hospital) in Western Australia. 
Inclusion criteria:
1. Pregnant women undergoing elective caesarean section 
2. Term gestational age (37+0 to 41+6 weeks) 
3. Singleton gestation
Exclusion criteria at enrolment:
1. Women with gestational diabetes and diabetes mellitus 
2. Fetal intrauterine growth restriction
3. Ante-natally detected congenital anomaly which will require admission to neonatal nursery
4. Non English speaking

Primary outcomes: 
1. Blood glucose concentration at four and ten hours of age: Mother’s will be encouraged to breast feed their babies within the first hour of birth. When a mother is unable to breast-feed or does not want to breast feed, the babies will be given formula as tolerated. Infant’s blood glucose concentration will be measured before second feed (at four hours of life) and fourth feed (ten hours of life). The blood glucose monitoring protocol and management of hypoglycaemia will be as per KEMH post-natal ward hypoglycaemia guideline. (http://www.kemh.health.wa.gov.au/services/nccu/npw/docs/Hypoglycaemia_main.pdf)
2. Requirement of admission to neonatal nursery for hypoglycaemia management.
Secondary outcomes: 
1. Requirement of admission to neonatal nursery for any cause.
2. Maternal blood glucose concentration during caesarean section.
3. Number of infants requiring formula supplementation during hospitalisation
4. Requirement of medication for postoperative nausea in mothers
5. Duration of hospitalisation
6. Maternal satisfaction survey
Sample size:
We plan to recruit 100 pregnant (sample size of convenience) women for the pilot trial (50 in carbohydrate group and 50 in control arm). 
Statistical analysis:
The data will be statistically analyzed using SPSS statistical package (version 23.0, IBM Corporation and others, USA).  Infant and maternal blood glucose concentrations and duration of hospitalisation will be reported as mean ± standard deviation. The two groups will be compared for the outcomes using Student’s “t” test. 
Requirement for admission to nursery and other categorical outcomes will be reported as percentage and χ2 test will be used to compare the groups. A “p” value of <0.05 will be considered statistically significant. 
Feasibility of recruitment: 
An average of 60 women without diabetes or hypertension undergo elective caesarean section at KEMH per month. With a projected recruitment rate of 60 %, 4-5 will be required to complete the recruitment.
Randomization and allocation concealment:
Randomization will be done by a hospital pharmacist using a computer generated randomisation table. Allocation concealment will be ensured using sequentially labeled opaque sealed envelopes containing information regarding the group allocation. 
Blinding:
Because of the sweet taste of the carbohydrate preparation, pregnant women will not be blinded to the intervention. However, clinicians involved in the post-operative management of the woman and newborn infant will be blinded to the group allocation.
Intervention:
The pregnant women randomized to treatment arm will receive 100 g of maltodextrin on the night before surgery and 50 g of maltodextrin up to two hours before surgery. The women randomized to control arm will not receive any carbohydrate drinks. The  remainder of the management will be identical in both the groups (KEMH – Enhanced Recovery Protocol)ref.
Reporting of adverse outcomes: 
The Human Research Ethics Committee will be notified of adverse events related to the trial.
Reporting and monitoring:
The trial investigators will permit trial-related monitoring, audits, and regulatory inspections, and provide direct access to source data/documents. This may include, but not be limited to Human Research Ethics Committees and institutional governance review bodies.
Risk and benefit analysis:
Preoperative carbohydrate administration in patients undergoing elective surgery is safe for patients undergoing surgery.(10) Various professional associations including European, American and Canadian Societies of Anaesthesiologists support preoperative clear fluid intake up to two hours before elective surgery.(19) European Society for Parenteral and Enteral Nutrition guideline recommends use of preoperative carbohydrate loading in most patients undergoing major surgery.(19) Carbohydrate containing clear fluid intake has number of advantages including improved  haemodynamic stability at induction of anaesthesia, reduced lean tissue catabolism, more positive patient experience, and a reduction in length of hospital stay.(10, 19)  
Preoperative carbohydrate loading in pregnant women undergoing elective caesarean section has a potential to cause rebound hypoglycaemia in newborn infants. Hence, it is important to ensure that the practice of preoperative carbohydrate loading is not harmful to the newborn baby, before the practice is accepted as a standard of care. We plan to monitor blood glucose concentration of the infants using a protocol used by KEMH neonatal unit for monitoring and management of infants at risk of hypoglycaemia. If the study shows that preoperative carbohydrate treatment prior to elective caesarean section does not increase risk of hypoglycaemia in infants, then the carbohydrate treatment may be given to pregnant women undergoing elective caesarean section without blood glucose monitoring of newborn infants. If the study shows increased risk of hypoglycaemia in the infants, then the harm resulting from hypoglycaemia must be carefully weighed against the potential benefits of the carbohydrate treatment. 
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