B  Original Article N —

Role of preoperative carbohydrate loading for prevention of
perioperative ketoacidosis in elective cesarean delivery
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Abstract

Background and Aims: Starvation of long duration during third trimester of pregnancy is undesirable as it is associated with
accelerated fasting leading to hypoglycemia, raised plasma free fatty acid (FFA) levels, and increased plasma/urinary ketones.
Carbohydrate (CHO)-rich drinks given preoperatively may ameliorate these deleterious effects. The enhanced recovery after
surgery (ERAS) guidelines for perioperative care recommend that oral CHO fluid supplementation 2 h before cesarean delivery
may be offered to nondiabetic pregnant women. The aim of the study was to evaluate the role of preoperative oral CHO loading
for the prevention of perioperative ketoacidosis in elective cesarean deliveries.

Material and Methods: One hundred and twenty American Society of Anesthesiologists (ASA) II/III parturients undergoing
elective cesarean section under subarachnoid block (SAB) were divided into two groups of 60 each after they gave written
informed consent. Group A parturients received 400 ml of filtered water 2 h before surgery. Group B parturients received 400 ml
of nonparticulate CHO drink 2 h before surgery. The primary outcome was the incidence of ketonuria studied by the dipstick
method. Secondary outcomes included hunger and thirst scores, anxiety score, dominant hand grip strength, and the quality
of recovery score.

Results: The urine ketone levels were positive (+1) in 8.3% parturients in group A and 1.7% parturients in the CHO
group (P value- 0.094). The hunger and thirst scores as well as the modified Beck’s anxiety scores were significantly lower in
the CHO group (P value- 0.002). Dominant hand grip strength was preserved in both the groups (P value- 0.827). The quality
of recovery score was significantly improved in the CHO group (P value- 0.002). No serious adverse effects were noted in either
group.

Conclusion: Oral CHO drink is safe when administered 2 h before uncomplicated elective cesarean deliveries. It may have a
positive influence on a wide range of perioperative markers of clinical outcome.
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Introduction stores are rapidly depleted, leading to muscle catabolism, raised

plasma free fatty acids (FFAs), and elevated urinary ketone body
The strict “nil per orally” (NPO) from midnight rule before ~ concentration.!" Surgical stress also results in insulin resistance,
elective surgery was initiated to ensure an empty stomach at the ~ leading to an exacerbation of existing postoperative catabolic state
time of induction of anesthesia in order to reduce the risk of gastric ~ with marked loss of body fat and protein stores.*!

regurgitation and pulmonary aspiration. During prolonged

fasting, especially in expecting mothers, carbohydrate (CHO) ~ In a nondiabetic parturient, third trimester fasting glucose
levels are lower relative to the pregravid state due to the
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dilutional effects of the increased maternal circulating blood
volume and increased glucose use by the growing feto-placental
unit. Despite the relative reduction in fasting glucose levels,
maternal insulin sensitivity decreases, hepatic gluconeogenesis
increases, and fatty acid levels increase. Postprandial glucose
levels are raised relative to pregravid levels because of impaired
insulin action due to human placental lactogen and placentally
derived human growth hormone (GH-V) and inflammatory
mediators, altered pancreatic insulin secretion, and increased

M Starvation of long duration is

hepatic gluconeogenesis.
associated with the development of hypoglycemia, increased
urinary nitrogen excretion, raised plasma levels of FFAs, and
increased plasma and urinary ketones. This set of events is

referred to as “accelerated starvation.”!

Over the last decade, as part of enhanced recovery after
surgery (ERAS) guidelines, a plethora of studies in other
surgical fields have proven that there is no requirement for such
a prolonged preoperative fasting period and have shown that
not only can more liberal rules be applied while ensuring patient
safety, it may also be of considerable benefit to the patient by
ensuring early recovery and preserved muscle strength.Until
now, most of the studies have excluded pregnant women due
to the perceived risk of aspiration related to maternal hormones
causing delayed gastric emptying, increased intra-abdominal
pressure, and reduced lower esophageal sphincter tone.
However, the American College of Obstetrics and Gynecology
Committee on Obstetric Practice™ specifically states that “the
patient without complications undergoing elective cesarean
delivery may have modest amounts of clear liquids up to 2 h
before induction of anesthesia,” which is congruent with the
American Society of Anesthesiologists’ guidelines. Various
1781 on gastric emptying of pregnant
women have suggested that up to 400 ml of a clear liquids
could be safely consumed up to 2 h before elective surgery.

ultrasound-guided studies

The use of intravenous glucose (10%—-20% to avoid fluid
overload) to maintain glucose levels and to prevent accelerated
starvation requires concomitant insulin infusion, access to
large veins, and frequent monitoring of blood glucose levels by
trained staff. These disadvantages can be overcome by using
the enteral route, which is a more physiological pathway to
provide CHO preload as suggested by the ERAS guidelines.
Thus, a CHO-rich beverage may safely be given shortly before
surgery.” Intake of 400 ml (50 g) CHO stimulates a release
of insulin similar to that seen after a mixed meal (plasma
concentrations: 60 mU/ml).”'? Osmolality 1s low (285
mOsm/kg), allowing a gastric transit time of 90 min for

400 ml.™

We hypothesized that oral CHO drink given 2 h before elective

cesarean delivery would ameliorate the state of accelerated

starvation, thus decreasing perioperative ketoacidosis. This
would be reflected in urine ketone analysis by reagent strip
method. This study was designed to evaluate the efficacy
of preoperative oral CHO loading for the prevention of
perioperative ketoacidosis as a marker of insulin resistance as
well as the quality of recovery in the postoperative period in
elective cesarean deliveries.

Material and Methods

This randomized study was conducted after approval from the
Institutional Ethics Committee was obtained. The trial has
been registered in the Clinical Trials Registry of India (CTRI
Reg. No. —-CTRI/2021/10/037435). A total of 132 patients
were recruited for the study after they gave written informed
consent. Three of them showed high random blood sugar
RBS readings on multiple occasions, thus raising doubt of
undiagnosed gestational diabetes. Two parturients went into
labor and in five parturients, there was delay of more than
4 h after oral drink administration due to lack of operating
room (OR) availability. Two parturients withdrew consent.
The remaining 120 parturients were randomly assigned equally
to either of the two groups A and B by computer-generated
randomized codes contained in sealed, sequentially numbered
envelopes [Figure 1].

The study included parturients aged above 18 years
and weighing 50—100 kg with American Society of
Anesthesiologists (ASA) physical status II and III who
were undergoing elective lower segment cesarean section
under subarachnoid block (SAB) with healthy singleton
pregnancy. We excluded diabetic parturients, parturients
with severe gastroesophageal reflux disease, parturients with
failed SAB or planned general anesthesia (GA), severe
cardiovascular or cerebrovascular disease in mother, known
fetal abnormality, anticipated excessive intraoperative blood
loss, and patients with previous gastrointestinal surgery.
Group A parturients received 400 ml of filtered water
2 h before surgery, while Group B parturients were given
nonparticulate CHO drink (0.5 g/kg of Glucon-D powder
containing 99.4% glucose) formulated in 400 ml of filtered
water 2 h before surgery.

A thorough preanesthesia check-up was done before each
surgery. Parturients were explained about the study being
conducted, and written informed consent was taken from
them. All parturients were advised to be nil orally for
8 h for solid before the scheduled time of surgery. Blood
sugar was measured immediately before giving the drink,
immediately before taking the patient to OR, and immediately
postoperative. They were asked to consume the drink within
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Figure 1: CONSORT flow diagram. CONSORT = consolidated standards of reporting trials

half an hour, 2 h before entering the operation theater (OT).
This administration of either filtered water or CHO drink was
supervised or monitored by the attending anesthesiologist.
After administration of the oral drink, an 18 G intravenous
cannula was secured and balanced salt solutions were initiated.
Anxiety score was measured in all the parturients on a
modified Beck anxiety scale' " immediately before they entered
OT. Hunger and thirst scores were also assessed before
entry into OT on a numeric rating scale (NRS) by asking
the parturient to rate hunger/thirst on a scale of 0—10,
with 0 being no hunger or thirst and 10 being hungriest or
thirstiest they had ever felt. Dominant hand grip strength
was measured by taking the mean of three readings using
an electronic dynamometer (Camry 200 Ib or 90 kg digital
hand dynamometer) immediately before the participants

entered OR.

On arrival in OR, the parturient was positioned on the
operating table in a supine position with a 30° left lateral tilt
with a wedge under the right thigh. Standard ASA monitors
were applied. After full aseptic precautions were taken and
skin infiltration was performed with lignocaine hydrochloride

2% (w/v), a 26G Quincke’s needle was inserted in .3-1.4 or

LL4—-L5 vertebral interspace. After confirmation of free flow
of the cerebrospinal fluid, a total of 2.5 ml of drug comprising
2 ml (10 mg) of hyperbaric bupivacaine and 0.5 ml (25 ug)
of fentanyl was injected intrathecally. The parturient was then
catheterized with Foley catheter and 5 ml of urine was collected
to assess the urinary ketone levels using reagent strips (IMission
urinalysis reagent strips) or dipstick method, which was
documented. At the end of the surgery, the surgical incision
was infiltrated with 40 ml of 0.2% ropivacaine (isobaric).
Postoperative analgesia regimen consisted of injection tramadol
1-1.5 mg/kg intravenously every 8 h, injection paracetamol
10 mg/kg intravenously six hourly infused over 15 min, and
diclofenac patch 200 mg (Nupatch200) applied over the
abdomen. Any breakthrough pain was treated by injection
fentanyl 2 pg/kg intravenously. Postoperatively, the quality of
recovery score was measured after 24 h of surgery using the
ObsQoR-11 score.["? Muscle strength was measured using
hand dynamometer 24 h postoperatively.

Primary outcome was the measurement of urinary ketone levels
using reagent strips as a marker of postoperative catabolic
state. Secondary outcomes included the hunger and thirst
scores recorded immediately before entering the operating
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room, anxiety score on modified Beck’s scale, dominant hand
grip strength recorded using electronic dynamometer, and the
quality of recovery score postoperatively recorded using the

ObsQoR-11 score.

Sample size was estimated from the results of a previous
study"'* using the urinary ketone levels as the parameter, which
was the primary outcome of our study. This utility calculates
the sample size required to estimate the proportion (18%)
with a specified level of confidence and precision. The
sample size was calculated as n = (Z? X P (1 - P))/
E?n = 116 (approximately), where Z. = value from standard
normal distribution corresponding to desired confidence
level (Z = 1.96 for 95% confidence interval [CI]), P (0.18)
is the expected true proportion, and E (0.07) 1s the desired
precision. Thus, the total sample size taken was taken as 120
with 10% dropout rate. Therefore, a total of 132 parturients
were recruited. The statistical analysis was carried out
using IBM Statistical Package for Social Sciences (SPSS)
statistical version 20. The analysis included frequency table,
bar, pie chart, association of variables based on Chi-square
and Fisher’s exact test, and risk ratio estimates with 95%
CI. All quantitative variables were estimated using measures
of central location (mean and median) and measures of
dispersion (standard deviation). Normality of data was checked
by Kolmogorov—Smirnov test. For normally distributed data,
the mean values were compared using the ¢-test and one-way
analysis of variance (ANOVA). For non-normally distributed
data, the medians were compared using the Mann—Whitney U
test and the Kruskal—Wallis test. All statistical tests were seen
at two-tailed level of significance (P < 0.01 and P < 0.05).

Results

A total of 120 parturients were randomly assigned
equally to either of the two groups A and B [Figure 1]

Table 1: Demographic characteristics of patients:
Distribution of subjects according to age, height, and
weight

Water group CHO group t P
Mean SD Mean SD
Age 29.72 4.29 30.07 4.69 —0.427 0.670
Height (cm) 159.35  4.15 159.17 4.22 0.240 0.811
Weight (kg)  72.48 6.50 72.84 7.56 —0.278 0.781

CHO=carbohydrate, SD=standard deviation

by computer-generated randomized codes contained in
sealed, sequentially numbered envelopes. The demographic
characteristics including age, height, weight, as well as the
ASA physical status were well matched between the two
groups [ Table 1]. The urine ketone levels were positive (+ 1)
in 8.3% parturients in group A and 1.7% parturients in
group B, with a P value of 0.094 [Table 2]. The duration of
fasting for solids as well as liquids was also comparable in both
the groups. There was no statistically significant difference
in the mean RBS in both the groups at all times during the
study. The hunger and thirst scores were significantly higher in
group A (5.63 £ 2.69) than in group B (4.20 = 2.35), with
a P value of 0.002 [Table 3]. The modified Beck’s anxiety
score was also significantly higher in group A (24.45 + 8.33)
in comparison to group B (19.40 %= 3.49), with a P value
of 0.001 [Table 3]. The muscle strength was preserved
in both the groups (P value- 0.827 preoperatively and
0.889 postoperatively). The vital parameters, that is, heart
rate, systolic blood pressure, diastolic blood pressure, and
oxygen saturation, were comparable in both the groups.
The APGAR scores were also comparable for both the
groups at 1 and 5 min. The quality of recovery score was
significantly higher in group B (79.97 £ 13.12) than in
group A (72.2 = 13.60), with a P value of 0.002 [Table 4].

Discussion

This study was designed to evaluate the role of preoperative
oral CHO loading for the prevention of perioperative
ketoacidosis as a marker of insulin resistance as well as the
quality of recovery in the postoperative period in elective
cesarean deliveries. We measured the urine ketone levels as
the primary outcome with the help of reagent strips/dipstick
method (Mission urinalysis reagent strips) at the time of
catheterization of the bladder immediately before surgery.

The presence of urinary ketones was selected as the primary
outcome because it was a simple, noninvasive test of metabolic
state of the parturient. Other similar studies assessing
the effectiveness of preoperative CHO drinks have used
a hyperinsulinaemic clamp and the Homeostatic Model
Assessment of insulin resistance HOMA-IR technique
to detect perioperative insulin resistance.l'*"™ However,
these tests add to the expense of the patient as well as cause
discomfort because of repeated needle pricks. Our study

Table 2: Urine ketone levels

Urine ketone levels Water group Carbohydrate group Total Chi-square P
No. cases % No. cases % value

1+ 5 8.3% 1.7% 6 2.807 0.094

Negative 55 91.7% 98.3% 114
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Table 3: Hunger and thirst score and Beck’s anxiety score
Water CHO VA P
group group

Mean SD Mean SD

Hunger and thirst score 5.63 2.69 4.20 2.35 3.107 0.002

Modified Beck’s anxiety score 24.45 8.33 19.40 7.50 3.491 0.001

CHO=carbohydrate, SD=standard deviation

Table 4: Quality of recovery score

Water Carbohydrate Z P
group group
Mean SD Mean SD
Quality of 72.20 13.60  79.77 13.12 —3.103 0.002

recovery score

SD=standard deviation

showed positive urine ketones in 8.3% parturients in the group
that was given water (group A) and in 1.7% parturients in the
group that recetved CHO drink (group B), with a P value of
0.094. RBS measured at all time points (before the drink,
immediately preoperative, immediately postoperative) was
similar in both the groups without any significant difference.
Even after ingestion of CHO drink, RBS remained within
normal range, which may be explained by the accelerated
starvation state in the third trimester of pregnancy, giving
evidence for the need of continued CHO supplementation
and avoiding prolonged starvation which may be detrimental
for the parturient and the fetus.

Thirst has been suggested to be the main determinant of
preoperative discomfort, followed by anxiety, preoperative

U6 In our study, hunger and thirst

insomnia, and hunger.
scores were significantly lower in the CHO group compared
to the placebo group, reflecting an improvement in maternal
comfort ahead of surgery. Modified Beck’s anxiety scores®
were also significantly lower in the CHO group, suggesting
CHO drinks could play a beneficial role in ameliorating
anxiety levels in parturients. Hand grip strength has been used
as a marker of physical performance, indirectly measuring the
muscle loss in the perioperative period due to prolonged NPO
regimens. [t has been measured in the clinical trials assessing
the impact of CHO drinks in the perioperative period. Our
study showed no effect of oral CHO loading on the muscle
strength of the patient when compared to the placebo group,
presumably due to shorter postoperative NPO status. As
part of ERAS protocols, oral feeding was allowed early in
the parturients after cesarean section.

Few studies have also shown that CHO supplementation
improves cardiac function in the setting of surgical stress.['”-!8]
In our study, the hemodynamics of the two groups was
well maintained with lesser requirement of vasopressors.
This could be due to maintenance of intravascular volume

with isobalanced salt solutions after NPO schedule was
implemented. We found no significant difference in terms of
adverse anesthetic outcomes, that is, perioperative episodes
of hypotension, hypertension, bradycardia, nausea, and
vomiting, between the groups. The quality of recovery score
ObsQOR-11,I'"2 which includes various aspects of maternal
well-being post-cesarean delivery, was significantly improved
in the CHO group compared to the placebo or water group.

One of the limitations of our study is the limited number of
parturients included. Large multicentric trials could help
to establish the safety and efficacy of CHO loading before
cesarean deliveries. Secondly, better and more sensitive
biochemical indices, such as HOMA-IR and Homeostatic
Model Assessment 2 HOMA 2 index, could be used to
know insulin resistance among fasting parturients. These
can, however, add to the expense as well as discomfort to
the patient due to their invasive techniques. Thirdly, we did
not address the length of hospital stay, which is an important
outcome of the ERAS guidelines. So, in a follow-up study,
the length of hospital stay may be included as part of the
outcomes. There may also have been confounders that
were not identified in this study, such as the nursing staff
was not always the same due to change in their shift duty
timings. Nonetheless, our results suggest that the preoperative
administration of CHO-rich fluids is safe and improves the
overall quality of recovery in pregnant patients for elective
cesarean deliveries, and hence, they can be added safely to
the routine protocols for elective uncomplicated cesarean

deliveries of ASA II-III parturients.

Conclusions

From our results, we conclude that allowance of clear fluids or
nonparticulate CHO drink up till 2 h before surgery is safe for
the parturient. It may help to improve the preoperative indices
of patient discomfort, including hunger, thirst, and anxiety.
Quality of recovery with respect to postoperative maternal
experience with pain, nausea, vomiting, and overall comfort
improved with CHO loading. Thus, administration of oral
CHO drinks before surgery is safe before elective cesarean
deliveries and may have a positive influence on a wide range
of perioperative markers of clinical outcome.

Key message

Oral carbohydrate drink is safe when administered 2 h before
uncomplicated elective cesarean deliveries. It may have a
positive influence on perioperative starvation ketosis.
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