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INTRODUCTION

Aspiration of gastric contents during perioperative 
period is a grave complication with significant 
morbidity and mortality.[1] Diabetic patients have a 
higher incidence of autonomic dysfunction, causing 
gastropathy. They are known to have gastroparesis 
and the consequent delayed gastric emptying which 
predisposes them to an increased risk of aspiration 
than the general population.[2]

Currently, there is no consensus on what constitutes 
an adequate fasting interval in diabetic patients. 
European Society of Anaesthesiology (ESA) 2011 
fasting guidelines state that diabetic patients can 

follow the same guidelines as healthy adults,[3] While 
American Society of Anesthesiologists (ASA) in 
2017 fasting guidelines mentioned that the standard 
eight hours fasting may not apply or may need to 
be modified for patients with coexisting diseases or 
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ABSTRACT

Background and Aims: Gastroparesis despite standard fasting in diabetic patients may increase 
the aspiration risk. This study aimed to compare fasting gastric volume (GV) of diabetic with 
non‑diabetic patients scheduled for elective surgery using USG. Methods: This prospective 
observational study included 53 diabetic and 50 non‑diabetic patients aged >18 years, American 
Society of Anesthesiologists’ physical status I‑III having similar fasting intervals. Before induction, 
using standard gastric scanning protocol, qualitative and quantitative assessments of gastric 
antrum in supine and right lateral decubitus (RLD) positions were performed with a curved array 
probe. USG grade, cross‑sectional area (CSA) of the antrum and GV were calculated. The gastric 
antrum was classified as Grade 0, 1 or 2, signifying empty antrum, fluid in RLD position only 
and antral fluid in both supine and RLD positions, respectively. Results: In supine position, CC 
and AP diameters were 1.96 ± 0.41 cm and 0.9 ± 0.57 cm in control group and 2.28 ± 0.50 cm 
and 1.39 ± 0.44 cm in diabetic group, respectively. In RLD, CC was 2.28 ± 0.57 cm and AP was 
1.24 ± 0.42 cm in control group as compared to CC 2.54 ± 0.56 cm and AP 1.82 ± 0.56 cm in 
diabetic group. The CSA of 2.57 ± 1.19 cm2 and 3.73 ± 1.61 cm2 in diabetic were significantly 
higher (P = 0.001) than 1.41 ± 0.55 cm2 and 2.30 ± 1.18 cm2 of control, in supine and RLD 
positions, respectively. GV was 4.20 ± 22.26 ml in control group and 9.15 ± 25.70 ml in diabetic 
group. Conclusion: Diabetic patients have higher gastric antral cross‑sectional area and gastric 
volumes as observed by gastric ultrasound than the non‑diabetic patients.
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conditions that can affect gastric emptying or fluid 
volume.[4]

Ultrasound is widely available and has been proven 
to be a reliable, bedside assessment tool for real-time 
evaluation of gastric contents.[5-9] As diabetic patients 
are prone to have an inadequately empty stomach 
even after an adequate fasting, USG can be used 
prior to induction for screening the fasting gastric 
volume (GV) of diabetic patients and see if it is 
more than the recommended safe limit. There is 
no published literature evidence documenting a 
significant difference in real-time fasting gastric 
volume between the healthy and diabetic patients after 
following the same fasting guidelines. In the present 
study, ultrasonography (USG) was used to compare 
the fasting GV in diabetic and non-diabetic patients 
scheduled for elective surgery.

METHODS

The study was approved by the Institutional Ethics 
Committee (NK/1603/MD/10019-20) and was 
registered with Clinical Trials Registry of India having 
registration number CTRI/2015/08/006129. The study 
was conducted as per the principles of the Declaration 
of Helsinki. After receiving written informed consent, 
patients of both sexes, aged >18 years of ASA grade I 
to III and posted for elective surgery were enrolled 
for the study. Patients on medication for upper 
gastrointestinal tract (GIT) symptoms, chronic kidney 
disease, hypothyroidism, connective tissue disease 
affecting GIT motility, current smoking history, on 
anti-depressant medication, previous oesophageal or 
abdominal surgery, obese patients, pregnant patients, 
and patients with nasogastric tube in situ were 
excluded from the study.

Patients were divided into two groups based on their 
history of diabetes mellitus (DM) and were labelled 
as group D (diabetic) and group C (control). This was 
a convenient sampling based on the status of DM. 
Patients having DM were assessed for the duration of 
diabetes, medication history, glycaemic control and 
gastropathy symptoms.

The fasting status was assessed, and the duration 
of fasting interval noted. USG was done prior to 
induction of anaesthesia by a person blinded to the 
patient’s diabetic status. A curved array, low-frequency 
(2‑5	MHz,	60	mm)	transducer	providing	a	scan	depth	
up to 30 cm and a Micromaxx (C60e, Bothell, WA, 

USA)™ sonosite machine was used. Patients were 
scanned in the supine position followed by right lateral 
decubitus (RLD) position. The sonographic appearance 
of the gastric antrum was classified as Grade 0,1 or 
2, signifying empty antrum, fluid detected in RLD 
position only and antral fluid in both supine and 
RLD positions, respectively, based on the appearance 
in both the positions as defined by Perlas et al.[10] 
Cross-sectional area (CSA) was calculated by using 
two perpendicular diameters—anteroposterior (AP) 
and craniocaudal (CC) and the formula for area of an 
ellipse:

CSA	=	(AP	×	CC	×	π)/4.[11]

The gastric volume was calculated using the previously 
validated formula:

GV	(ml)	=	27.0	+	14.6	×	right‑lat	CSA	−	1.28	×	age.[12]

The	sample	size	was	calculated	based	on	the	model	for	
case-control studies using methods of Kelsey, Fleiss, 
and Fleiss with a continuity correction, assuming a 
25% incidence of gastroparesis in diabetics.[13-15] With 
a prediction of 90% power and an alpha error 0.05, 53 
diabetic and 50 non-diabetic subjects were enrolled in 
the study. Age, height, weight, BMI, fasting interval, 
CSA of antrum and gastric volumes are presented as 
mean ± SD and analysed using unpaired Student t-test. 
Visibility of antrum with grading in USG findings is 
represented as frequencies or percentage. Normality 
of the continuous data was checked applying the 
Kolmogorov-Smirnov test. Ultrasound grades were 
analysed with Chi-square test. Data analysis was done 
using SPSS Version 22.0 (IBM, USA) and Microsoft 
Excel 2010 (Microsoft, USA). All tests were two-tailed 
with 95% confidence interval and level of significance 
at 5% (P < 0.05).

RESULTS

A total of 50 patients were included in group C and 
53 patients were in group D. The demographic data 
of the two groups is presented in Table 1. 35 (66.1%) 
patients were non-insulin dependent (NIDDM) and 
18 (33.9%) patients were insulin-dependent (IDDM) in 
group D. The mean glycosylated haemoglobin (HbA1c) 
was 7.64% with a range of 5.6 to 11.7%. The mean 
duration of DM was 6.6 years with an inter-quartile 
range (IQR25-75) of 1–10 years. The maximum duration 
of DM was 30 years in our study group. Gastropathy 
symptoms like abdominal distension and postprandial 
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fullness were present in 29 out of 53 diabetic 
patients (54.7%). The average fasting intervals were 
11.00 ± 2.02 h in group C and 10.87 ± 1.34 h in 
group D (P = 0.740).

Differences in ultrasound grading between the 
groups are presented in Table 2. The measurement 
of AP and CC diameters is depicted in Figure 1. 
Comparison of diameters, CSA and volume in both 
the groups in supine as well as RLD position is 
presented in Figure 2. In supine position, CC and AP 
diameters were 1.96 ± 0.41 cm and 0.9 ± 0.57 cm in 
group C and 2.28 ± 0.50 cm and 1.39 ± 0.44 cm in 
group D, respectively. In RLD, the CC diameter was 

Table 1: Demographic Profile
Parameter 
assessed

Group C 
(mean±SD) (n=50)

Group D 
(mean±SD) (n=53)

Pa

Age (years) 44.06±13.99 56.55±8.95 0.01
Sex (F/M) 30/20 29/24 0.588
ASA

1 42 0 0.001
2 8 51
3 0 2

Weight (Kg) 61.82±8.81 66.15±11.03 0.031
Height (m) 1.63±0.08 1.64±0.09 0.515
BMIb 23.12±3.17 24.31±3.24 0.063
Fasting interval (h) 11.00±2.02 10.87±1.34 0.740
aCalculated using t-test/Chi-square test. bBMI – Body Mass Index

Table 2: Comparison of USG Grade
Ultrasound Grade Group C (n=50) Group D (n=53) Pa

0 18 (36%) 14 (26.4%) 0.294
1 22 (44%) 20 (37.7%) 0.518
2 10 (20%) 19 (35.8%) 0.074
Total 50 53 0.199
aCalculated using Chi-square test. USG – Ultrasonography

Figure 1: Craniocaudal (CC) and anteroposterior (AP) diameters for 
calculating the cross‑sectional area (CSA). liver (L) on the right, inferior 
vena cava (IVC) below

2.28 ± 0.57 cm and the AP diameter was 1.24 ± 0.42 cm 
in group C. However, in group D, the CC diameter was 
2.54 ± 0.56 cm and AP diameter was 1.82 ± 0.56 cm. 
The calculated CSA-supine was 1.41 ± 0.55 cm2 
in group C and 2.57 ± 1.19 cm2 in group D. The 
CSA-lateral obtained in group C was 2.30 ± 1.18 cm2 
and 3.73 ± 1.61 cm2 in group D (P = 0.001). The mean 
volumes calculated were 4.20 ± 22.26 ml in control 
subjects as compared to 9.15 ± 25.70 ml in diabetic 
patients (P = 0.001) [Figure 2].

DISCUSSION

Diabetes has often been considered a high-risk state 
posing a serious challenge to the anaesthesiologist 
in many aspects. One of the feared complications 
is pulmonary aspiration as diabetic patients are 
considered as possible full stomach due to autonomic 
gastropathy.[15,16] Camilleri et al. observed that delayed 
gastric emptying was the major highlight of DM.[2]

Putte et al. did a retrospective cohort study in 
538 patients and found that a standard fasting interval 
does not ensure adequate emptying even in healthy 
individuals. They found fasting gastric volume more 
than the safe limit in 32 patients which lead to a 
change in the plan of anaesthetic induction.[17]

Diabetic patients have always been thought of as 
high-risk patients but no study has been carried out in 
real time to correctly stratify the fasting volume status 
of the diabetic patient and delineate the actual GV 
using gastric ultrasound. With the advent of enhanced 
recovery after surgery (ERAS) protocols and liberal 
fasting guidelines, USG may be useful in our daily 
perioperative practice to assess the GV in patients 
with diabetes. This study compared the fasting GV of 
diabetic with non-diabetic patients posted for elective 
surgery by performing USG of the gastric antrum.

Eight patients in group C were ASA 2 physical status 
as they had controlled hypertension. There was a 
difference in weight of the patients in two groups 
as diabetic patients presenting had a higher weight 
even with controlled blood sugar levels. However, 
there was no statistically significant difference in the 
BMI (P = 0.063) in both the groups.

Forty patients (80%) of control group and 
34 patients (64.1%) of the total 53 diabetic patients had 
grade 0 and 1 antrum representing safe volumes.[11,12] 
There was no statistically significant difference in USG 
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grade in both the groups (P value = 0.199; Chi-square 
test). However, there was a higher incidence of 
USG grade 2 in diabetic patients (n = 19, 35.8%) as 
compared to the control group (n = 10, 20%). However, 
the incidence did not achieve a statistically significant 
difference (P = 0.074).

Darwiche et al. compared the gastric emptying rate (GER) 
in 33 diabetic and non-diabetic volunteers using USG 
after ingestion of a semi-solid meal. Measurements of 
the gastric antrum were taken in the supine position 
in 19 healthy subjects and 14 patients with IDDM and 
clinically suspected delayed gastric emptying. It was 
found that diabetic patients showed significantly wider 
median values of postprandial antral area after 90 min. 
The median value of GER in these diabetic patients was 
29% as compared to 63% of the healthy subjects. Their 
study showed a significant difference in GER between 
healthy subjects and patients with IDDM,[18] which is 
similar to the present study.

Gustafsson et al. have advocated preoperative 
carbohydrate loading in diabetic patients and 
deduced that diabetic patients do not show delayed 
gastric emptying using paracetamol tracer techniques. 
However,	 the	 sample	 size	 is	 small	 to	 generalize	 it	
for the diabetic group.[19] Moreover, the difference in 
measurement technique makes comparison with the 
present study difficult.

Our study group constituted type 2 diabetes patients. 
Though gastroparesis has been reported more in 
type 1 DM, it is also seen in type 2 DM even with the 
patients being asymptomatic.[13] Chiu et al. compared 
the gastric antral area in type 2 diabetic patients 
and healthy controls after ingestion of a meal in 11 
type 2 diabetic patients and health volunteers each. 
All underwent transabdominal ultrasound for gastric 
motility and visual analogue scales. They found that the 
gastric emptying was significantly slower in diabetic 
patients, who also had lesser antral contractions than 
controls (46.3 min versus 20.8 min, respectively).[20] 
Their study showed a similar finding to the current 
study.

There were negative values derived in the calculation 
of GV. This was seen in patients having a lesser CSA 
leading to negative value. Previous studies evaluating 
the gastric volume with the formula derived by Perlas 
et al. have elicited negative values as well. Thus, when 
the stomach is empty, small values of RLD CSA give a 
negative volume value, which only indicates an empty 
state.[12]

The mean diameters and CSA calculated in supine 
and RLD positions had a statistically significant 
difference with a higher value observed in the diabetic 
group (P value = 0.001). Quantitative analysis of 
GV showed a higher value in diabetic patients. This 

Figure 2: Comparison of diameter, cross‑sectional area (CSA) and gastric volume (GV) in control and diabetic patients
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is consistent with the previous studies suggesting a 
delayed gastric emptying in diabetic patients.[18,20] 
However, these studies have been done after ingestion 
of a solid meal or fluid to assess the gastric emptying 
and not the fasting gastric residual volumes.

Even though there was no statistically significant 
difference in the USG grading of both the groups, 
the quantitative data showed a higher value in 
diabetic group. This could be due to objective error 
in qualitative grading. Hence, a qualitative screening 
should be followed by a volume computation for risk 
stratification of such patients. The standard formula 
for quantitative estimation of GV by Perlas et al. was 
chosen in this study as it shows the highest correlation 
with the visually guided suctioning of gastric 
contents (r = 0.86) and USG grade. The negative 
values derived from this formula signify an empty 
stomach.[12] Though the quantitative data showed a 
statistically significant value in diabetic group, the 
maximum value of the volume obtained was 67.26 ml. 
This could be due to patients having higher age in our 
study.

There are limitations in our study. Our patients were 
type 2 DM patients. The control group population was 
slightly younger than the diabetic group. There was a 
variation of diet among the patients which can influence 
the gastric emptying. The mean fasting interval was 
around ten hours. In daily clinical practice, it is 
difficult to exactly control the fasting interval in the 
preoperative period. Surgery itself is a stress factor and 
its influence on gastric motility has not been evaluated 
by studies so far. An already published reference 
standard was chosen for quantitative analysis. Further 
studies are required in diabetic patients to correctly 
stratify the fasting volumes.

CONCLUSION

This prospective case-control study of 103 patients 
suggests that diabetic patients have higher gastric 
antral cross-sectional area and gastric volumes as 
observed by gastric ultrasound than the non-diabetic 
patients signifying delayed gastric emptying. While 
the qualitative grading may be used for screening, 
quantitative assessment provides a more reliable 
estimate of gastric volume.
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