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Abstract
BACKGROUND 
Enhanced recovery after surgery advocates that consuming carbohydrates two 
hours before anesthesia is beneficial to the patient's recovery. Patients with 
diabetes are prone to delayed gastric emptying. Different guidelines for 
preoperative carbohydrate consumption in patients with diabetes remain contro-
versial due to concerns about the risk of regurgitation, aspiration and 
hyperglycemia. Ultrasonic gastric volume (GV) assessment and blood glucose 
monitoring can comprehensively evaluate the safety and feasibility of 
preoperative carbohydrate intake in type 2 diabetes (T2D) patients.

AIM 
To evaluate the impact of preoperative carbohydrate loading on GV before 
anesthesia induction in T2D patients.

METHODS 
Patients with T2D receiving surgery under general anesthesia from December 
2019 to December 2020 were included. A total of 78 patients were randomly 
allocated to 4 groups receiving 0, 100, 200, or 300 mL of carbohydrate loading 2 h 
before anesthesia induction. Gastric volume per unit weight (GV/W), Perlas 
grade, changes in blood glucose level, and risk of reflux and aspiration were 
evaluated before anesthesia induction.

RESULTS 
No significant difference was found in GV/W among the groups before anes-

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i18.6082
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thesia induction (P > 0.05). The number of patients with Perlas grade II and GV/W > 1.5 mL/kg 
did not differ among the groups (P > 0.05). Blood glucose level increased by > 2 mmol/L in 
patients receiving 300 mL carbohydrate drink, which was significantly higher than that in groups 1 
and 2 (P < 0.05).

CONCLUSION 
Preoperative carbohydrate loading < 300 mL 2 h before induction of anesthesia in patients with 
T2D did not affect GV or increase the risk of reflux and aspiration. Blood glucose levels did not 
change significantly with preoperative carbohydrate loading of < 200 mL. However, 300 mL 
carbohydrate loading may increase blood glucose levels in patients with T2D before induction of 
anesthesia.

Key Words: Type 2 diabetes; Preoperative; Carbohydrate loading; Gastric volume; Ultrasound assessment; 
Hyperglycemia

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Enhanced recovery after surgery advocates that consuming carbohydrates two hours before 
anesthesia is beneficial to the patient's recovery. Patients with diabetes are prone to delayed gastric 
emptying. Different guidelines for preoperative carbohydrate consumption in patients with diabetes remain 
controversial due to concerns about the risk of regurgitation, aspiration and hyperglycemia. In this study, 
the preoperative carbohydrate load of type 2 diabetes (T2D) patients 2 h before anesthesia induction was 
found by ultrasonic gastric volume assessment and blood glucose monitoring. 200 mL does not increase 
the risk of reflux, aspiration, and hyperglycemia, but 300 mL glucose load may cause hyperglycemia in 
T2D patients before induction of anesthesia.

Citation: Lin XQ, Chen YR, Chen X, Cai YP, Lin JX, Xu DM, Zheng XC. Impact of preoperative carbohydrate 
loading on gastric volume in patients with type 2 diabetes. World J Clin Cases 2022; 10(18): 6082-6090
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6082.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6082

INTRODUCTION
Enhanced recovery after surgery (ERAS) is a set of perioperative protocols to reduce complications, 
facilitate recovery, and decrease the length of hospitalization[1,2]. Insulin resistance is a critical 
complication of injury or stress. Most patients receiving surgery may develop postoperative insulin 
resistance. The resulting hyperglycemia is often associated with an increased risk of morbidity and 
mortality. ERAS recommends preoperative carbohydrate loading to decrease postoperative 
hyperglycemia by 50%, optimizing recovery[3-5].

More than 10% of the world population is reported to have diabetes[6], and nearly 15% of surgical 
patients have type 2 diabetes (T2D)[7]. Complications and hospital stays are greater in these patients 
than in non-diabetic patients[8,9]. Delayed gastric emptying (gastroparesis) is also more frequent in 
patients with diabetes[10,11]. Therefore, preoperative carbohydrate loading may adversely affect gastric 
volume (GV) in diabetic patients. Moreover, carbohydrate loading-induced hyperglycemia may 
outweigh the potential benefits of ERAS protocols in such patients. Laffin et al[12] found no significant 
difference in the hyperglycemic incidence between the groups with and without carbohydrate loading
[12]. However, other studies have reported high rates of adverse outcomes, such as postoperative 
wound infections, cardiac events, and other complications caused by hyperglycemia, in diabetic patients 
receiving preoperative carbohydrate loading[13]. It is important to further study the change in blood 
glucose levels in diabetic patients receiving preoperative carbohydrate loading.

Perlas used ultrasound to grade GV, which was measured in the right decubitus and supine positions 
to assess the risk of aspiration, The visualization of gastric antrum content was scored using the Perlas 
grading system: Grade 0, no content visible in the supine or right lateral (RLD) position; grade 1, clear 
gastric fluid content only in the RLD position, but not in the supine position; and grade 2, clear gastric 
fluid content visible in both supine and RLD positions[14]. Perlas grade II and GV > 1.5 mL/kg have 
been reported to be associated with a high risk of reflux and aspiration[15,16]. Therefore, ultrasono-
graphy is used to evaluate GV both qualitatively and quantitatively. It is an economical, safe, non-
invasive, and repeatable technique to assess the risk of anesthesia before surgery[17]. Data on 
preoperative carbohydrate loading in patients with T2D are limited[18,19]. In this study, we assessed 

https://www.wjgnet.com/2307-8960/full/v10/i18/6082.htm
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GV, the incidence of hyperglycemia, and the risk of gastric reflux and aspiration using ultrasonography. 
We also evaluated the time and dose of preoperative carbohydrates using stratified analysis. These 
assessments allowed us to determine the safety and feasibility of preoperative carbohydrate loading in 
patients with T2D.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Data of adult patients (age: 40-80 years) who received surgery under general anesthesia were enrolled 
according to the following inclusion criteria: (1) American Society of Anesthesiologists Physical Status 
Classification System (ASA) classified as II-III; (2) Definite diagnosis of T2D for > 2 years; (3) 
Preoperative blood glucose < 10 mmol/L; (4) Glycosylated hemoglobin (HbA1c) < 8.5%; and (5) Body 
mass index (BMI) of 18-35 kg/m2. Patients were excluded from the study if they had any of the 
following: (1) Pregnancy; (2) Cardiac or renal dysfunction; (3) Hypothyroidism; (4) Obesity (BMI > 35 
kg/m2); (5) Digestive system diseases, including gastroesophageal reflux, peptic ulcer, digestive system 
tumors, cholelithiasis or history of upper gastrointestinal surgery; (6) Receiving antiemetic drugs or 
other drugs affecting gastrointestinal motility before operation; (7) Preoperative gastrointestinal 
decompression or nutrition; or (8) Unwilling to participate in the study.

Patients and study design
Overall, 80 patients with T2D who received surgery under general anesthesia from December 2019 to 
December 2020 were enrolled in the study. Of them, 2 patients were excluded due to unclear images of 
the gastric antrum. Finally, 78 patients with complete follow-up data were included in the study. The 
flow chart of the study is presented in Figure 1. The day before surgery, patients who fulfilled the study 
criteria and provided written consent were randomly allocated to 4 groups. Randomization was 
performed using computer-generated random numbers indicating different volumes of carbohydrate 
loading. Patients received a clear carbohydrate drink (0, 100, 200, or 300 mL) 2 h before anesthesia 
induction on the day of surgery. Each group uses the same concentration of carbohydrate drink that 
contains 14.2 g of carbohydrate per 100 mL (Yichang Human Medical Food Co., Ltd.). Randomization 
was performed using computer-generated four-digit random numbers indicating the treatment, which 
were kept in sealed envelopes. An envelope was opened according to the random number from small to 
large based on the time sequence of inclusion of each subject. The ultrasound examiner was blinded by 
the study protocol, as was the staff involved in the medical procedures and data collection process. All 
patients received surgery under general endotracheal anesthesia. Intraoperative fluid management was 
limited to a glucose-free solution, and no exogenous insulin was administered. Postoperative care was 
standardized as clinically indicated.

Data collection and assessment
Ultrasonography was performed by an experienced investigator certified by the Chinese Health 
Commission. GV was assessed on the day of surgery before carbohydrate loading (T0, basal value), 2 
min after carbohydrate loading (T1), and before anesthesia induction (T2). A standard convex 
ultrasound probe was used to scan the gastric antrum in the sagittal plane between the liver and 
pancreas, at first in the supine position and then in the RLD position. The gastric antrum content visual-
ization was scored using the Perlas grading system: Grade 0, no content visible in the supine or RLD 
position; grade 1, clear gastric fluid content only in the RLD position, but not in the supine position; and 
grade 2, clear gastric fluid content visible in both supine and RLD positions[14]. The longitudinal (D1) 
and anteroposterior (D2) diameters of the antrum were determined, which were repeated 3 times and 
averaged (Figure 2). The gastric antral area (CSA) was calculated using the following formula: CSA = π 
× D1 × D2/4. A mathematical model was used to measure GV: 27 + 14.6 × CSA - 1.28 × age. In addition, 
blood glucose levels were monitored before carbohydrate loading (T0) and anesthesia induction (T2). 
Patients with GV per unit weight (GV/W) > 1.5 mL/kg were regarded as having a high risk of reflux 
and aspiration. Gastrointestinal decompression was performed before anesthesia induction in these 
patients. If the blood glucose level was > 10 mmol/L at T2, the surgery was delayed until it normalized.

Statistical analysis
The sample size was determined on the basis of the GV/W at different time periods. The average 
GV/W at T0, T1 and T2 in the control group was 0.66, 0.64, and 0.70 mL/kg, respectively, in our 
preliminary study. The values at T0, T1, and T2 in groups receiving 100 mL, 200 mL, and 300 mL 
carbohydrate drink were 0.45, 1.2, and 0.53 mL/kg; 0.70, 3.20, 0.85 mL/kg; and 0.65, 4.67, 0.8 mL/kg, 
respectively. Based on these values, we found that a sample of at least 20 patients in each group and 80 
patients in total would ensure 80% power for the study to evaluate the effect of preoperative 
carbohydrate loading on GV. The 80% power was calculated considering a two-sided type I error of 0.05 
by log-rank test and 20% loss to follow-up.
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Figure 1 Flow diagram of the study selection process.

Figure 2 Ultrasonic images of gastric antrum after drinking different volumes of carbohydrates. A: Control group (0 mL); B: Group 1 (100 mL); C: 
Group 2 (200 mL); D: Group 3 (300 mL). L: Liver; P: Pancreas; SMV: Superior mesenteric vein; IVC: Inferior vena cava.

All statistical analyses were performed in SPSS (version 24.0, IBM, New York, United States). 
Normally distributed continuous data are presented as mean ± SD. Categorical data are presented as 
frequency or rate. Age, height, weight, BMI, course of the disease, HbA1c (%), and fasting blood glucose 
were compared using one-way ANOVA. The ASA scores, gender, and control of blood glucose were the 
Chi-square test or Fisher exact test. The GV per unit body weight and peripheral capillary blood glucose 
were examined with the repeated measures analysis of variance. The Bonferroni method was applied 
for pairwise comparisons in the repeated measures analysis of variance. All statistical analyses were 
two-sided tests. A P < 0.05 indicated a statistically significant difference.
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RESULTS
Patient characteristics
A total of 78 patients with T2D were randomly allocated to 4 groups, with the control group receiving 0 
mL, group 1 receiving 100 mL, group 2 receiving 200 mL, and group 4 receiving 300 mL carbohydrate 
drink. All groups were well balanced for characteristics, including gender, age, BMI, height, weight, 
ASA grade, disease course, HbA1c, fasting blood glucose level, and control of blood glucose (Table 1).

Analysis of GV
GV was assessed at 3 different time points as described above. Gastric content was first evaluated using 
the Perlas A scale. No difference was observed in patients with Perlas grade II at T0 and T2 among the 
groups (P > 0.05). GV/W was increased significantly at T1 in groups 1, 2, and 3. At T2, GV/W decreased 
significantly, with no statistical difference observed between T0 and T2 in all the groups (P > 0.05) 
(Figure 3). Moreover, the number of patients with GV/W > 1.5 mL/kg was similar among the groups (P 
> 0.05) (Figure 3).

Analysis of blood glucose levels
The blood glucose level in all patients was tested before carbohydrate loading (T0) and anesthesia 
induction (T2). In groups 1, 2, and 3, blood glucose levels increased significantly at T2 compared with 
that at T0 (P < 0.05). In patients receiving 300 mL of the carbohydrate drink (group 3), the blood glucose 
level at T2 increased by > 2 mmol/L, which was significantly higher than that in groups 1 and 2. This 
finding indicates that a 300 mL carbohydrate load may increase the blood glucose level in patients with 
T2D before anesthesia induction (Figure 4).

DISCUSSION
Preoperative carbohydrate loading improves glycemic control and postoperative recovery in 
nondiabetic patients[3,4]. However, the practice of carbohydrate loading in patients with T2D is contro-
versial because of reflux and aspiration concerns due to increased GV and delayed emptying. In our 
study, no difference was found in GV/W between T0 and T2 in all groups. This finding indicates that 
GV does not increase with a carbohydrate loading of < 300 mL. Our results are in line with those of 
previous studies, which reported no delay in gastric emptying in patients with T2D compared with 
healthy control subjects[20]. Our patients drank 14.2% liquid carbohydrates with low osmotic pressure. 
Delayed gastric emptying seems to affect solids rather than liquids in patients with diabetes, which can 
possibly explain the similar GV between T0 and T2 in our study[10,21]. Furthermore, in our study, the 
preoperative fasting blood glucose level was controlled less than 10 mmol/L, which may reduce the 
incidence of delayed gastric emptying in T2D. Previous studies have shown that severe acute 
hyperglycemia may lead to delayed gastric emptying[22]. In summary, carbohydrate loading of < 300 
mL 2 h before anesthesia induction does not significantly affect GV in patients with T2D.

The risk of reflux and aspiration was further evaluated using Perlas grading determined by 
ultrasonography. Patients with Perlas grade I had < 100 mL gastric content, whereas those with grade II 
had obvious gastric content in both supine and RLD positions[23]. Moreover, GV/W > 1.5 mL/kg helps 
determine the risk of reflux and aspiration[24-26]. In our study, the number of patients with Perlas 
grade II and GV/W > 1.5 mL/kg did not differ among the groups. This finding further confirms that 
preoperative carbohydrate loading does not increase the risk of reflux and aspiration in patients with 
T2D. However, it should be noted that all our groups had patients with Perlas grade II and GV/W > 1.5 
mL/kg. This indicates the importance of performing routine preoperative GV ultrasonography in 
patients with diabetes.

Change in blood glucose level was another focus of our study. In the control group, group 1 and 
group 2, blood glucose level increased by < 2 mmol/L after carbohydrate loading. However, in patients 
receiving 300 mL of the carbohydrate drink (group 3), blood glucose levels increased by 3.4 mmol/L 
after 2 h. Studies have shown that a change in blood glucose level of < 2 mmol/L after carbohydrate 
loading does not increase perioperative complications[12,27,28]. Therefore, our results support a 
preoperative carbohydrate loading of < 200 mL in patients with T2D, although the optimal time for 
preoperative carbohydrate loading remains unaddressed. Carbohydrate loading 3 h before surgery does 
not pose a risk for hyperglycemia or aspiration in diabetic patients[12,20]. However, some researchers 
do not recommend the 2-h interval between carbohydrate loading and surgery due to concerns of 
delayed gastric emptying[29]. In our study, carbohydrate loading 2 h before anesthesia induction did 
not affect GV or increase the risk of reflux and aspiration. Future studies are warranted to confirm our 
results.

Our study has certain limitations. First, the blood glucose level of the enrolled patients was well 
controlled, and their preoperative FPG was < 10 mmol/L. Further stratified analysis must be performed 
in patients with different levels of blood glucose and HbA1c. Second, data about primary diseases in our 
patients were lacking. Because primary diseases may affect GV and gastric emptying, the lack of such 
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Table 1 Baseline characteristics of included patients

Variables Control Group 1 Group 2 Group 3 χ2 F P value

ASA grade (II/III) 18/2 18/1 18/2 17/2 1.000

Gender (M/F) 12/8 10/9 8/12 12/7 2.83 0.422

Age (yr) 62.0 ± 8.8 65.6 ± 9.5 57.4 ± 9.6 62.1 ± 10.9 1.79 0.209

BMI (kg/m2) 23.8 ± 2.3 24.3 ± 3.2 23.9 ± 2.0 25.3 ± 3.1 0.91 0.443

Height (cm) 162.5 ± 7.8 163.1 ± 6.9 165.1 ± 6.1 164.1 ± 7.4 0.39 0.759

Weight (kg) 63.5 ± 11.3 64.5 ± 8.2 65.5 ± 9.9 68.1 ± 9.9 0.60 0.623

Course of disease (yr) 9.50 ± 4.26 9.42 ± 3.91 9.15 ± 4.34 8.74 ± 4.25 0.13 0.942

HbA1c (%) 7.34 ± 0.37 7.34 ± 0.50 7.49 ± 0.46 7.46 ± 0.56 0.53 0.663

Fasting blood glucose (mmol/L) 7.35 ± 2.13 7.08 ± 1.21 6.95 ± 0.80 6.56 ± 1.20 1.03 0.386

Control of blood glucose (oral/injection of insulin) 16/4 14/5 16/4 17/2 1.76 0.568

ASA: American society of anesthesiology; BMI: Body mass index; HbA1c: Hemoglobin A1c.

Figure 3 Comparison of gastric volume per unit weight in four groups of patients at different time points. Gastric volume per unit weight (GV/W) 
was increased significantly at T1 in groups 1, 2, and 3. At T2, GV/W decreased significantly, with no statistical difference observed between T0 and T2 in all the 
groups (aP < 0.05, T0 vs T1, T1 vs T2). NS: Not significant.

data could have introduced a bias in result interpretation. Finally, single-center study design and 
insufficient data limit further application of our results. Prospective, large-scale, randomized, and multi-
centered studies are needed to further validate our results.

CONCLUSION
Preoperative carbohydrate loading < 300 mL 2 h before anesthesia induction in patients with T2D did 
not affect GV or increase the risk of reflux and aspiration. Blood glucose level did not significantly 
change with preoperative carbohydrate loading of < 200 mL. However, 300 mL carbohydrate loading 
may increase blood glucose levels in patients with T2D before anesthesia induction. In conclusion, it is 
safe for patients with T2D to drink 200 mL 14.2% carbohydrate 2 h before surgery. In the future, we will 
study whether preoperative consumption of 200 mL of 14.2% carbohydrate can reduce postoperative 
insulin resistance and promote recovery of patients.
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Figure 4 Comparison of blood glucose in four groups of patients at T0 and T2. In groups 1, 2, and 3, blood glucose levels increased significantly at T2 
compared with that at T0. In patients receiving 300 mL of the carbohydrate drink (group 3), the blood glucose level at T2 increased by > 2 mmol/L, which was 
significantly higher than that in control and group 1 (aP < 0.05, T0 vs T2; bP < 0.05, group 3 vs control; cP < 0.05, group 3 vs group 1).

ARTICLE HIGHLIGHTS
Research background
More than 10% of the world's population and almost 15% of surgical patients are reported to have type 
2 diabetes (T2D). Diabetic patients are prone to delayed gastric emptying due to the risk of reflux, 
aspiration and hyperglycemia.

Research motivation
Different guidelines for preoperative carbohydrate loading in diabetic patients are still controversial.

Research objectives
This study is conducted to evaluate the safety and feasibility of preoperative carbohydrate loading on 
gastric volume (GV) before anesthesia induction in T2D patients.

Research methods
Patients with T2D were randomly allocated to 4 groups receiving 0, 100, 200, or 300 mL of carbohydrate 
loading 2 h before anesthesia induction. Gastric volume per unit weight (GV/W), Perlas grade, changes 
in blood glucose level, and risk of reflux and aspiration were evaluated before anesthesia induction.

Research results
No significant difference was found in GV/W among the groups before anesthesia induction (P > 0.05). 
The number of patients with Perlas grade II and GV/W > 1.5 mL/kg did not differ among the groups (P 
> 0.05). Blood glucose level increased by > 2 mmol/L in patients receiving 300 mL carbohydrate drink, 
which was significantly higher than that in groups 1 and 2 (P < 0.05).

Research conclusions
Preoperative carbohydrate loading < 300 mL 2 h before anesthesia induction in patients with T2D did 
not affect GV or increase the risk of reflux and aspiration. Blood glucose levels did not change 
significantly with preoperative carbohydrate loading of < 200 mL. However, 300 mL carbohydrate 
loading may increase blood glucose levels in patients with T2D before induction of anesthesia.

Research perspectives
Our study illustrates the safety and recommended volume of preoperative carbohydrate loading in 
patients with T2D.
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