
Introduction

Midnight fasting before surgery has been a standard practice 
for patients receiving elective surgery with the expectation for 
minimizing the possibility of unintended aspiration of gastric 
contents by emptying the stomach. However, it is not supported 
by any scientific evidence. In fact, data from meta-analysis in-
cluding systemic reviews concluded that midnight fasting dose 
not reduce the volume and acidity of stomach content during 
surgery [1–3]. Recent advances in perioperative medicine have 
led to the recommendation of liberal fasting and preoperative 
oral carbohydrate ingestion as a part of Enhanced Recovery 
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After Surgery (ERAS) protocols. The ERAS program was de-
veloped to facilitate postoperative recovery by reducing stress 
response for colon surgery patients, which includes various 
components of perioperative recommendations [4]. Especially, 
ERAS recommends that preoperative oral carbohydrate loading 
should be routinely provided to patients undergoing elective co-
lon surgery. 

Preoperative oral carbohydrate administration is known to 
reduce metabolic stress and insulin resistance postoperatively 
[5–7], reduce hospital stay [8,9], improve patient well-being 
[10,11], and maintain lean body mass and muscle strength [12] 
in patients undergoing major abdominal, orthopedic and car-
diac surgery. However, there are few investigations whether pre-
operative oral carbohydrate administration positively impacts 
patient outcome in minor surgical patients. 

In the present study, we hypothesized that preoperative oral 
carbohydrate administration will improve well-being and satis-
faction of patients undergoing elective thyroid surgery. 

Materials and Methods

This study was approved by the relevant Institutional Re-
view Board. After obtaining informed consent, 50 patients aged 
20–65 years with American Society of Anesthesiologists physi-
cal status I or II, who were scheduled to undergo open thyroid-
ectomy under general anesthesia were enrolled in this single-
blinded, randomized, prospective study. Only patients who 
scheduled for the first operation in the morning were assessed 
for enrollment. Patients with a history of type I or II diabetes 
mellitus, gastric emptying disorders including gastroesophageal 
reflux disease, contraindications for ketorolac or nefopam, or 
emergency surgery were excluded. Patients with fasting blood 
glucose ≥ 126 mg/dl or glycosylated hemoglobin ≥ 6.5% on pre-
operative laboratory test, suggestive of hidden diabetes mellitus, 
were also excluded. 

After obtaining informed consent, the participants were ran-
domly allocated to one of two groups: control group or carbo-
hydrate group. Subjects in the control group were requested to 
obey traditional preoperative fasting after midnight prior to the 
day of surgery. Subjects in the carbohydrate group also fasted, 
but received 400 ml of carbohydrate-rich drink (12.8% carbo-
hydrates, 50 kcal/100 ml; Nucare NONPOⓇ, Daesang Wellife, 
Korea) 2 hours before induction of anesthesia. 

The anesthetic regimen was standardized for all participants. 
Anesthesia was induced with propofol 1.5–2 mg/kg and rocuro-
nium 0.6 mg/kg, and maintained with sevoflurane and 50% oxy-
gen in air. Sevoflurane was administrated at end-tidal concentra-
tions of 0.5–4.0% during the operation to maintain non-invasive 
arterial pressure and heart rate within preanesthetic values. 
End-tidal carbon dioxide partial pressure was maintained at 

30–35 mmHg. On the morning of the surgery, intravenous fluid 
administration was started via peripheral venous catheter, and 
the fluid was limited to glucose-free solution for all participants. 
It was maintained at a rate of 4 ml/h/kg during the operation. At 
the end of surgery, anesthetics were stopped and residual neuro-
muscular block was antagonized with neostigmine 50 μg/kg and 
glycopyrrolate 10 μg/kg at T2 appearance in the train-of-four 
count. Postoperative analgesia was achieved with patient-con-
trolled analgesia (PCA) containing ketorolac (Trolac, Whanin 
Pham Co., Korea) and nefopam (Acupan, Pharmbio Korea, Ko-
rea).

Primary endpoints

Assessment of patient well-being and satisfaction 

Seven parameters representing patient well-being (thirst, 
hunger, mouth dryness, nausea and vomiting, fatigue, anxiety, 
and sleep quality) were assessed using numeric rating scale (NRS; 
0: no discomfort, 10: worst imaginable discomfort) by a simple 
questionnaire. The patients were assessed twice. To investigate 
preoperative well-being, the questionnaire was completed just 
before the operating room admission in the ward. Postoperative 
well-being was assessed at 6 hours following surgery in the same 
way. Patient satisfaction also was measured using a 5-point scale 
(5: very satisfied, 4: somewhat satisfied, 3: neutral, 2: somewhat 
dissatisfied, 1: very dissatisfied) at the time. All patient-reported 
outcomes were assessed by the same investigator blinded to the 
allocated groups.

Secondary endpoints

Oral Schirmer’s test

Upon arrival at the operating room for surgery, oral 
Schirmer’s test was performed in all patients of both groups as 
described previously [13]. In brief, whatman 41 Filter paper was 
placed on the patients’ mouth floor just after swallowing with 
the patient in a sitting position. Saliva secreted from the salivary 
glands was absorbed by the filter paper for 5 minutes. Secretory 
capacity in mm during the 5-minute period was determined. 

Blood glucose 

Blood glucose level obtained by finger stick testing (Ac-
cu-ChekⓇ, Roche Diagnostics, Germany) was recorded at six 
time points: 2 hours before anesthesia induction (baseline), just 
before administration of the carbohydrate-rich drink for the 
carbohydrate group, 1 hour before anesthesia induction (T1), 
at anesthesia induction (T2), 1 hour after anesthesia induction 
(T3), 2 hours after anesthesia induction (T4), and 3 hours after 
anesthesia induction (T5). Intra-individual glucose variability 
was evaluated using the coefficient of glucose variation. Coeffi-
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cient of glucose variation (%) was calculated as a ratio of stan-
dard deviation to mean blood glucose concentration multiplied 
by 100.

Preoperative fasting practice 

Even though all participants were requested to obey fasting 
after midnight prior to the day of surgery, except administration 
of carbohydrate-rich drink for the carbohydrate group, actual 
fasting time would be expected to differ. Patients were requested 
to record the time when they ceased ingestion of clear fluids and 
solid foods. 

Sample size determination and statistical analysis

Sample size was predetermined by t test Sample Size using 
SigmaPlot 12.5 (Systat Software Inc., USA) based on the as-
sumption that patient well-being score, our primary endpoint, 
would exhibit a 20% difference and standard deviation (SD). A 
total of 43 patients were required for a significance level of 0.05 
(α = 0.05) and a power of 80% (β = 0.20). Considering a dropout 
rate of 20%, a total of 51 patients were recruited for the study. 

Statistical analysis was performed with SigmaPlot 12.5. Con-
tinuous variables including patient demographics, NRS and 
coefficient of glucose variation were analyzed with Student’s 
t test or Mann-Whitney rank-sum test after normality test. 
Nonparametric variables including patient satisfaction were an-
alyzed with the Mann-Whitney rank-sum test. Plasma glucose 
concentrations in both groups were analyzed with two-
way repeated measures analysis of variance and Bonferroni 
t test was used for post-hoc analysis. All data are expressed as 
the mean ± SD, median (25th–75th percentile), percentage or the 
number of patients. A P value ≤ 0.05 was considered statistically 

significant.

Results

Fifty-one patients were assessed for eligibility. One patient 
was excluded due to suspected undiagnosed diabetes mellitus 
(preoperative HbA1c 7.3%, plasma glucose 173 mg/dl). The 
subject flow is presented in Fig. 1. The two groups were homog-
enous in patient characteristics, anesthesia and surgery time 
and volume of fluids administered (Table 1). Seven parameters 
representing patient well-being (thirst, hunger, mouth dryness, 
nausea and vomiting, fatigue, anxiety, and sleep quality) were 

Assessed for eligibility (n = 51)

Allocated to carbohydrate group (n = 25)
Received allocated intervention (n = 25)

Allocated to control group (n = 25)
Received allocated intervention (n = 25)

Analyzed (n = 25)
Excluded from analysis (n = 0)

Analyzed (n = 25)
Excluded from analysis (n = 0)

Excluded (n = 1)
Suspected diabetes mellitus (n = 1)

Randomized (n = 50)

Fig. 1. Subject flow diagram.

Table 1. Patient Characteristics

Control group
(n = 25)

Carbohydrate group
(n = 25) P value

Sex (M/F) 5/20 6/19 1.000
ASA PS (I/II) 17/8 21/4 0.321
Age (yr) 51.0 ± 7.5 49.8 ± 7.1 0.564
Height (cm) 160.1 ± 6.7 162.0 ± 8.0 0.379
Weight (kg) 62.0 (55.0–71.2) 64.5 (56.0–71.8) 0.560
Anesthesia time 
(min)

108.4 ± 16.5 117.8 ± 18.1 0.064

Surgery time (min) 74.0 ± 15.8 80.8 ± 17.6 0.157
HbA1c (%) 5.5 ± 0.3 (5.1–6.1)* 5.6 ± 0.3 (5.1–6.4)* 0.200
Fluid (ml/h/kg) 3.8 (2.8–5.3) 4.3 (2.9–4.7) 0.923
Actual fasting time 
(min)

720 (720–840) 720 (690–840) 0.685

Values are expressed as numbers, mean ± SD or median (25th–75th 
percentile). *Ranges of plasma HbA1c level were expressed. Control 
group: midnight fasting group, Carbohydrate group: preoperative oral 
carbohydrate administration group. HbA1c: hemoglobin A1c also 
known as glycosylated hemoglobin.
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not statistically different between the two groups preoperatively 
and postoperatively (Table 2). 

No significant differences in patient satisfaction scores and 
rate of saliva secretion (Table 3) were noted between the two 
groups. Plasma glucose concentrations were not statistically 
different between the two groups at each time point of inter-
group analysis (P = 0.691). In the control group, plasma glucose 
concentrations at 1 and 2 hours after anesthesia induction (T3 
and T4) were significantly higher compared to that of anesthesia 
induction (T2) (P < 0.001). In the carbohydrate group, plasma 
glucose concentrations at T3, T4 and T5 were also significantly 
higher compared to that of T2 (P < 0.001) (Fig. 2). Mean blood 

Table 2. Patient Well-being and Satisfaction

Preoperative well-being Postoperative well-being

Control group  
(n = 25)

Carbohydrate  
group (n = 25)

Control group  
(n = 25)

Carbohydrate  
group (n = 25)

Thirst Median 2 1 3 2
IQR 1–2 0–2 1.5–4 1–3
P value 0.099 0.456

Hunger Median 1 1 1 1
IQR 0–2 0–2 0–2 0–1
P value 1.000 0.608

Mouth dryness Median 1 1 3 2
IQR 0–1.5 0–2 2–3.5 2–3.5
P value 0.864 0.818

Nausea and vomiting Median 0 0 1 1
IQR 0–0 0–1 1–2 0.5–2
P value 0.192 0.926

Fatigue Median 2 2 1 1
IQR 1–2 0–2 0–2 0.5–2
P value 0.512 0.630

Anxiety Median 3 2 0 0
IQR 2–3 1–3 0–1 0–0
P value 0.288 0.500

Sleep quality Median 2 2 2 2
IQR 1–3 1–3 1–3.5 1–3
P value 0.843 0.223

Patient satisfaction* Median 4 4 4 4
IQR 3–4 3–4 3–4 3–4
P value 1.000 0.715

Seven parameters representing patient well-being (thirst, hunger, mouth dryness, nausea and vomiting, fatigue, anxiety, and sleep quality) were 
assessed using a numeric rating scale (0–10). *Patient satisfaction was measured by a 5-point scale (5: very satisfied, 4: somewhat satisfied, 3: neutral, 2: 
somewhat dissatisfied, 1: very dissatisfied). IQR: interquartile range.
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Fig. 2. Plasma glucose concentrations were not statistically different 
bet ween two groups. *Plasma glucose concentrations at T3 and T4 were 
signi ficantly higher than at T2 in control group (P < 0.05). †Plasma 
glucose concentrations at T3, T4 and T5 were significantly higher than 
at T2 in carbohydrate group (P < 0.05). Baseline: 2 hours before anes-
the sia induction, T1: 1 hour before anesthesia induction, T2: anes the sia 
induction, T3: 1 hour after anesthesia induction, T4: 2 hours after anes-
the sia induction, T5: 3 hours after anesthesia induction.

Table 3. Oral Schirmer’s Test 

Control  
group

 Carbohydrate 
group P value

Rate of saliva secretion 
(mm/5 min)* 

4.3 (4.2–4.5) 4.4 (4.2–4.5) 0.914

*Length (mm) of the wet portion on the filter paper by absorbing saliva 
for 5 minutes.
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glucose concentration SD and coefficient of glucose variations 
are presented in Table 4. The mean blood glucose concentration 
similar between the two groups (P = 0.961). However, a signif-
icant difference was observed in the SD of blood glucose con-
centration and coefficient of glucose variation (P < 0.001). Co-
efficient of glucose variation (%) was significantly higher in the 
carbohydrate group compared to the control group (P < 0.001). 

Discussion

This study examined the effects of preoperative oral carbo-
hydrate administration on patient well-being and satisfaction 
in patients undergoing thyroidectomy. There was no significant 
improvement in patient well-being and satisfaction in patients 
who received a carbohydrate-rich drink preoperatively follow-
ing an overnight fast compared to patients who fasted until the 
time of surgery. Hausel et al. [11] reported that preoperative oral 
carbohydrate administration improved preoperative hunger, 
anxiety and patient comfort compared to the midnight fasting 
group in patients undergoing major abdominal surgery. In an-
other trial performed in an ophthalmologic day surgery setting, 
patients who received 200 ml of a carbohydrate beverage preop-
eratively presented better satisfaction scores than midnight fast-
ing patients [14]. However, those studies did not clarify the ac-
tual fasting time in either the control or the test group. Because a 
variety of fasting times can influence parameters of patient well-
being such as thirst and hunger, the actual fasting time should 
be considered when interpreting the study results. Meanwhile, 
in the current study, we confined the enrollment of participants 
to only patients scheduled for surgery at 8:30 am to produce 
similar fasting time in the two groups, except for the controlled 
provision of the carbohydrate. The actual fasting time surveyed 
through patient questionnaires was 12 hours on average, and did 
not differ significantly in the two groups. Thus, our findings are 
reliable. 

Surgery inevitably induces metabolic stress response and 
reduces insulin sensitivity. Insulin sensitivity can be reduced by 
over 50% even in healthy non-diabetic patients undergoing elec-

tive surgery [15]. Insulin resistance occurs within hours after 
initiation of surgery, and subsequently results in hyperglycemia, 
a catabolic state characterized by degradation of stored glycogen, 
fat and protein, prolonged recovery and even increased morbid-
ity [16,17]. Additionally, in terms of energy depletion pre- and 
post-operative fasting would aggravate the situation. Short-
term fasting causes insulin resistance even in healthy volunteers 
[16,18]. In terms of perioperative nutritional support, oral 
carbohydrate loading has been applied to patients undergoing 
elective surgery to improve clinical outcomes. Preoperative oral 
carbohydrate-rich drinks can improve patient well-being [10,11] 
as well as reduce metabolic stress and insulin resistance [5–7], 
improve postoperative recovery and reduce hospital stay [8,9] in 
patients undergoing major abdominal surgery. But, more recent-
ly, meta- and network meta-analysis revealed that preoperative 
oral carbohydrate administration only slightly reduces length of 
hospital stay and improve insulin resistance compared with fast-
ing, with no significant benefit concerning patient well-being 
[3,8,9]. Furthermore, the positive effects of preoperative oral 
carbohydrate intake have been suggested mainly in abdominal, 
orthopedic or cardiac surgery [4,8,12,19–21], with little evidence 
for minor surgery patients. 

The results of the current study may be explained partly by 
the relatively short fasting time and low surgical invasiveness. 
Preoperative fasting times in clinical practice were > 15 hours 
for solid foods and > 12 hours for clear liquid [22]. However, 
in the present study, the average fasting time was shorter (12 
hours). Furthermore, because all participants were scheduled 
for the first surgery of the day, most of the fasting time would 
have been during nighttime sleep. Humans maintain normally 
and physiologically a fasted state during sleep without feeling of 
hunger or thirst. Furthermore, thyroid surgery may result in a 
surgical stress response that is too low to affect the clinical out-
comes associated with oral carbohydrate administration, when 
compared to major abdominal surgery. Therefore, the authors 
presume that preoperative carbohydrate administration may 
have little effect in patients undergoing thyroidectomy in con-
trast to major surgical procedures.

Oral carbohydrate loading generally is not recommended 
for patients with diabetes mellitus due to concerns about un-
controlled hyperglycemia and delayed gastric empting [23]. We 
excluded subjects suspected of diabetes mellitus based on labo-
ratory testing results of plasma glucose and HbA1c. In the non-
diabetic patients of our study, plasma glucose concentrations 
were maintained within the normal range until 5 hours even 
following administration of oral carbohydrate drink containing 
12.8 g/100 ml of carbohydrate. Several previous studies have 
demonstrated that intravenous or oral carbohydrate administra-
tion increases plasma glucose and insulin concentrations [24–
26]. In a healthy volunteer study, plasma glucose concentration 

Table 4. Intra-individual Glucose Variability

Control  
group

Carbohydrate 
group P value

Mean blood glucose 
(mg/dl)

100.7 (93.8–104.4) 99.7 (96.8–108.7) 0.961

SD of glucose 7.5 (5.7–10.0) 10.8 (8.4–14.9) 0.019
Coefficient of glucose 

variation (%)*
8.0 (6.0–10.5) 11.0 (8.5–14.0) 0.015

*Coefficient of glucose variation (%) was calculated as a ratio of standard 
deviation to mean blood glucose concentration multiplied by 100. SD: 
standard deviation.



399Online access in http://ekja.org

KOREAN J ANESTHESIOL  Doo et al.

was increased 30 minutes following oral carbohydrate admin-
istration and returned to baseline within 90 minutes [26]. The 
reason for the different results in our study may be explained by 
the discrepancy between the timings of glucose measurement 
and the relative differences in insulin secretary functions of the 
individuals, even though plasma insulin concentrations were 
not evaluated.

During the perioperative period, increased glucose variabil-
ity as well as hyperglycemia has been suggested to be associated 
with adverse patient outcome and increased mortality. Lanspa 
et al. [27] reported that coefficient of glucose variation was 
associated with 30-day mortality with an odds ratio of 1.23 for 
every 10% rise. Coefficient of glucose variation, which is the 
ratio of SD to mean blood glucose concentration, indicates in-
tra-individual glucose variability. A higher coefficient of glucose 
variation may reflect the failure of glucose homeostasis. In our 
findings, coefficient of glucose variation was significantly higher 
in the carbohydrate group compared to the control group. How-
ever, even with a statistically significant difference, it may be 
difficult to assign a clinical significance to a difference of about 
3%. Further investigations should be conducted to assess wheth-
er and how increased glucose variability following carbohydrate 
administration can impact patient outcomes including length of 
hospital stay and postoperative complications. 

The oral Schirmer’s test is a modification of the Schirmer’s 
eye test that can evaluate mouth dryness caused by hyposaliva-
tion [13,28,29]. Although we failed to prove the usefulness of 
the oral Schirmer’s test in perioperative setting, the correlation 
between subjective outcomes such as mouth dryness and saliva 
secretory function could be investigated in a future study. 

There are study limitations. First, the participants were not 

blinded to the allocated groups. Because we did not investigate 
placebo or water administration groups, but only fasting and 
carbohydrate administration groups, the participants could not 
be blinded. Secondly, we confined the enrollment of participants 
only to those scheduled for surgery at 8:30 am as a way to unify 
the fasting time in the two groups. Therefore, our findings may 
not be applicable to all patients under routine medical practice. 
Thirdly, the degrees of patient well-being and satisfaction were 
favorable even in the control group, perhaps due to the short 
fasting time, low surgical invasiveness of thyroidectomy and 
resultant minimal perioperative stress. So, the effects of preop-
erative oral carbohydrate administration would have not been 
appropriately revealed.

In conclusion, preoperative oral carbohydrate administration 
does not appear to improve patient well-being and satisfaction 
compared with midnight fasting in patients undergoing thy-
roidectomy in the first schedule in the morning. Further inves-
tigations of the effects of oral carbohydrate administration on 
other patient outcomes in various anesthetic or surgical settings 
should be performed. 
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