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A B S T R A C T   

Study objective: Our goal was to evaluate the effect of diabetic severity and duration on preoperative residual 
gastric volume. Secondarily we compared ultrasonic estimates of residual gastric volume with actual volume 
determined by aspiration during endoscopy. 
Design: This was a prospective, observational cohort study that included adults with a history of diabetes mellitus 
and/or opioid use scheduled for gastrointestinal endoscopic procedures. 
Setting: Endoscopy unit at Cleveland Clinic Main Campus from 2017 to 2019. 
Participant: Adults scheduled for upper endoscopy with or without colonoscopy. 
Intervention and measurements: Residual gastric volumes were primarily determined by aspiration during 
endoscopy, and secondarily estimated with ultrasound. We evaluated the relationship between gastric residual 
volume and preoperative HBA1C concentration and duration of diabetes. Secondarily, we conducted an agree-
ment analysis between the two gastric volume measurement techniques. 
Main results: Among 145 enrolled patients, 131 were diabetic and 17 were chronic opioid users. Among 131 
diabetic patients, the mean ± SD HbA1c was 7.2 ± 1.5% and the median (Q1, Q3) duration of diabetes was 8.5 
(3, 15) years. Neither HbA1c nor duration of diabetes was associated with residual gastric volume. The adjusted 
mean ratio of residual gastric volume was 1.07 (98.3% CI: 0.89, 1.28; P = 0.38) for 1% increase in HbA1c 
concentration, and 0.84 (98.3% CI: 0.63, 1.14; P = 0.17) for each 10-year increase induration of diabetes. The 
median [Q1–Q3] absolute difference between gastric ultrasound measurement and endoscopic measurement was 
25 [15, 65] ml. 
Conclusions: In this prospective observational cohort study, neither the duration nor severity of diabetes influ-
enced preoperative residual gastric volume. Gastric ultrasound can help identify patients who have excessive 
residual volumes despite overnight fasting.   

1. Introduction 

Perioperative pulmonary aspiration of gastric contents is a devas-
tating complication with high postoperative morbidity and mortality 
[1,2] According to 4th National Audit Project from United Kingdom, 

aspiration was single commonest cause of death in anesthesia events. [3] 
In retrospective analysis of 215,488 general anesthetics, Warner et al. 
reported pulmonary aspiration once every 3216 anesthetics. [4] 

Generally, clinicians restrict oral intake after midnight before sur-
gery or up to 6 h before anesthesia to limit residual gastric volume and 
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consequent risk of aspiration. However, fasting can also promote 
catabolism and proponents of enhanced recovery have argued in favor of 
carbohydrate loading and limiting fasting time. Based mostly on expert 
opinion and limited observational data, the American Society of Anes-
thesiologists [5], the Canadian Anesthesiologists’ Society [6], and the 
European Society of Anaesthesiology [7] pre-operative fasting guideline 
prohibit solid foods for six hours before elective surgery while encour-
aging patients to drink clear fluids up to within two hours of surgery for 
adults, and one hour for children. These guidelines aim to decrease the 
volume and acidity of the stomach contents and thus reduced likelihood 
of aspiration when protective airway reflex is compromised under 
anesthesia. The guidelines also suggest additional care in patients with 
coexisting diseases that might enhance residual gastric volume or reduce 
emptying including pregnancy, obesity, diabetes, esophageal reflux, 
ileus and intestinal obstruction, emergency surgery, difficult airways, 
swallowing difficulties, or altered mentation [5]. Despite adherence to 
guidelines, devastating aspiration can happen [1] in part because we 
cannot always quantify or rule out dangerous gastric content before 
anesthesia. Measures such as antacid and prokinetic agent use and rapid- 
sequence induction are sometimes empirically used. Interestingly, 
newer tools like gastric ultrasound can help in quantification of residual 
gastric volume and thus improve clinical care. 

Patients with co-morbidities such as diabetes, and chronic opioid use 
may have delayed gastric emptying and possibly need longer fasting 
times. Poor glycemic control and prolonged duration of diabetes both 
promote gastric autonomic neuropathy and delay gastric emptying 
[8,9]. The Department of Health and Human Services reports that there 
are 34 million US adults (13%) with diabetes, with half being poorly 
controlled defined by hemoglobin A1C concentrations exceeding 7%. 
Similarly, opioid use disorders are common, affecting approximately 1.6 
million adults (0.7%). 

Given that diabetes is a common diagnosis in surgical patients, re-
sidual gastric volumes in diabetic patients after adequate preanesthesia 
fasting is of considerable interest. We therefore evaluated the effect of 
diabetic severity and duration, on preoperative residual gastric volume. 
Secondarily we compared ultrasonic estimates of residual gastric vol-
ume [10] with actual volume determined by aspiration during 
endoscopy. 

2. Methods 

With Cleveland Clinic Institutional Review Board approval 
(IRB#17–336) and written informed consent, we conducted this pro-
spective observational cohort study at Cleveland Clinic from December 
2017 to September 2019. We enrolled adults 18–80 years old who were 
scheduled for upper endoscopy with or without colonoscopy. We 
included patients with diabetes mellitus. Diabetes diagnosis and the 
duration of diabetes was recorded from electronic health record. The 
most recent hemoglobin A1C concentration within 6 months was 
recorded or blood sample was obtained on the day of the procedure. 
Chronic opioid use was defined by daily use of opioid at an average dose 
of 20 mg oxycodone equivalents, within 15 days of the procedure. We 
excluded patients who had active gastrointestinal bleeding, esophageal 
strictures, previous gastric resection, or gastrointestinal obstruction. 

2.1. Protocol 

Gastric ultrasound examination was performed in the pre- 
procedural area by one of three anesthesiologists who had previously 
performed at least 10 training gastric ultrasounds examinations. Ul-
trasound measurements were recorded and images stored. Briefly, pa-
tients were scanned in semi-sitting and right lateral decubitus (RLD) 
position on a bed using a curved array low-frequency transducer (2–5 
MHz) C60 SonoSite ultrasound machine (SonoSite, Inc., Bothell, USA) 
with standard abdominal exam settings. (online Supporting Informa-
tion Figs. S1–S3) The antral cross-sectional area (CSA) was identified in 

a parasagittal plane of the epigastric region using the left lobe of the 
liver and abdominal aorta as a landmarks (online Supporting Infor-
mation Table S1) [11] [12]. 

Gastric Volume (GV) (ml) = 27.0+ 14.6× right − lateral CSA
(
cm2)

− 1.28× age (yr);CSA = (AP×CC× π)
/

4;
(AP = antero − posterior diameter and
CC = craniocaudal diameter)

Endoscopy was performed with general anesthesia or monitored 
anesthesia care. The gastroenterologist initially inserted the endoscope 
into the stomach and aspirated gastric content for volume determination. 

Baseline morphometric and demographic characteristics, comorbid 
medical conditions, history of concurrent medications, indication for the 
endoscopy, and other intraoperative data were obtained from electronic 
records. We also recorded the time, type, and amount of the last dose of 
bowel preparation solution. We similarly recorded the time, type and 
quantity of other preoperative oral intake. A screening log and all the 
measured information were collected in a secure online Redcap 
database. 

The following potential adverse events evaluated and recorded: 
anesthesia related complications, endoscopy related adverse events 
including spontaneous regurgitation, hiccough leading to regurgitation, 
retching with regurgitation, and emesis, and complications requiring 
escalation of level of care. 

2.2. Statistical analysis 

Patient characteristics were summarized as means ± standard de-
viations for normally distributed continuous variables, medians [1st 
quartile, 3rd quartile] for non-normally distributed continuous vari-
ables, and number (%) of patients for categorical variables. 

Our primary outcome was residual gastric volume directly measured 
by endoscopic aspiration? at the start of the procedure. The primary 
analyses were to assess the impact of preoperative HbA1c concentration, 
and duration of diabetes on residual gastric volume measured by endo-
scopic examination. The relationship between HbA1c concentration and 
duration of diabetes with residual gastric volume was assessed with 
multivariable linear regression, adjusted for all factors listed in Table 1. If 
there were evidence of non-linearity, we would group the corresponding 
exposure variable of interest into groups based on the quintiles, clinical 
relevant categories, or based on the plot, as appropriate. We originally 
planned to compare patients who consumed opioids chronically with 
patients who did not on residual gastric volume using multivariable 
linear regression as another primary analysis. However, due to the low 
enrollment of patients with chronic use of opioids, we did not have power 
to perform a reliable analysis. We removed this analysis from our primary 
analysis part and only reported the results as an exploratory analysis. The 
significance level for each of the two primary analyses were 0.025 (i.e., 
0.05/2, Bonferroni correction). 

Secondarily, we conducted agreement analysis between the two re-
sidual gastric volume measurement techniques, comparing direct 
endoscopic aspiration (the reference method) and ultrasound. A priori 
we chose a clinically important residual gastric volume deviation of 5 
ml. This value is 25% of the standard deviation we assumed. 95% Bland- 
Altman limits of agreement were estimated as the average difference in 
measurements between the methods ±2 standard deviation of the dif-
ference, within which 95% of the differences are expected to fall. If the 
limits are not clinically important (i.e., within 5 ml), then two methods 
might be used interchangeably. 

A Bland-Altman plot of individual differences was generated to show 
agreement as a function of the range of mean residual gastric volume 
which would identify systematic differences between the two methods. 
Moreover, we calculated the Lin’s concordance correlation coefficient, 
which summarizes both bias from the 45◦ line of equality and the 
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correlation between the two variables. The 95% confidence interval for 
the Lin’s concordance correlation coefficient was estimated using 
bootstrap percentiles (2.5th and 97.5th percentiles) based on 10,000 
resamples obtained by replacement from our original data. 

2.3. Sample size consideration 

In general, for a study that incorporates linear regression between a 
continuous exposure and a continuous outcome the conservative as-
sumptions of variability would be larger than expected for the outcome 
variable and smaller than expected for the exposure variable. In other 
words, more clustered data on the exposure leads to relative instability 
in slope estimates as compared to more widely-dispersed data on the 
exposure. We thus conservatively assumed a SD of 20 ml for the residual 
gastric volume, 1% for the HbA1 concentration, 2 years for the duration 
of diabetes, respectively, based on a recent query of Cleveland Clinic 
Perioperative Health Documentation System and clinical experience. 

We needed a maximum of 246 patients to have 90% power at an 
alpha level of 0.017 to detect a slope coefficient of 2.5 ml or more for 
every unit increase in HbA1c (i.e., every increase of 1% in HbA1c would 
be associated with at least, on average, increase of 2.5 ml in gastric 
volume), a slope coefficient of 5 ml or more for every one year increase 
in duration of diabetes. We did a post-hoc power estimation using the 
actual sample size. With 131 patients, we had >80% power to detect a 
correlation of 0.25 or higher between two continuous measurements. 
SAS software version 9.4 for Windows (SAS Institute, Cary, NC, USA) 
was used for all statistical analyses. 

3. Results 

The trial was stopped before full enrollment was completed due to 
very slow enrollment, clinical workflow changes limiting adequate time 
for ultrasound examination, and loss of faculty trained to perform ultra-
sound examinations. Among 145 enrolled patients, 131 diabetic patients 
were included for analyses of HbA1c and duration of diabetes (Fig. 1). 
Baseline characteristics and surgical details are summarized in Table 1. 
Among 131 diabetic patients, the mean ± SD HbA1c was 7.2 ± 1.5% and 
the median (Q1, Q3) duration of diabetes was 8.5 (3, 15) years. Univariate 
associations of residual gastric volume measured by endoscopy were 
shown in Fig. 2A and B. Neither HbA1c nor duration of diabetes was 
associated with residual gastric volume, adjusted for all variables in 
Table 1. The adjusted mean ratio of residual gastric volume was 1.07 
(97.5% CI: 0.90, 1.27; P = 0.38) for one unit increase in HbA1c level, and 
0.84 (97.5% CI: 0.64, 1.12; P = 0.17) for 10 year increase induration of 
diabetes Table 2. Linearity assumptions were met in both models. 

As an exploratory analysis, only 17 (12%) of 145 patients qualified 
for chronic opioid use criteria. Residual gastric volume was similar 
among patients who did and did not chronically use opioids (Fig. 2C). 
Adjusted for all confounders listed in Table 1, chronic opioids use was 
not significantly associated with residual gastric volume. The mean ratio 
of residual gastric volume comparing opioids users to non-users was 
0.57 (95% CI: 0.22, 1.46; P = 0.24). 

The raw values of residual gastric volume measured by ultrasound 
and endoscopy were presented in Fig. 3. 119 of 142 patients had <100 
ml gastric residual volume using both ultrasound and endoscopic ex-
amination. Furthermore, when ultrasound volume was <50 ml, only 4 
among 91 patients had endoscopic volumes exceeding 50 ml. The Lin’s 
concordance of correlation coefficient was − 0.02 (95% CI: − 0.17, 0.12), 
indicating a poor concordance of two measurements. We further 
assessed the difference between two measurements. The median abso-
lute difference between gastric ultrasound measurement and endoscopic 
measurement was 25 ml (Q1 = 15, Q3 = 65). We plotted the difference 
between two measurements for each patient against their mean values. 
In Bland-Altman analysis, the 95% limits of agreement were 206 ml and 
− 151 ml (Fig. 4). Although the overall agreement was poor, the dif-
ference was small for low residual gastric volume. 

4. Discussion 

In this prospective observational cohort study, neither the duration 
nor the severity of diabetes, as measured by HbA1c level in previous six 
months, influenced preoperative residual gastric volume. The residual 
gastric volume was measured by direct endoscopic aspiration. We did 
not reach our target sample size due to feasibility issues, however, our 
presented conclusion are based on robust data. We also used gastric 
ultrasound to estimate residual gastric volume. The overall agreement 
between two techniques was poor, however, the difference was small for 
low residual gastric volume. 

Our finding, while not definitive, contribute to the existing evidence 
for preoperative fasting guidelines. The first preoperative fasting 
guidelines, proposed in 1881, were based on the “unpleasantness of 
vomiting” rather than the risk of aspiration under ether and chloroform 
anesthesia [13]. However, aspiration of gastric content was soon 
recognized as a devastating complication [14]. The volume of aspirate, 
its pH, and the amount of particulate matter are important determinants 
of pulmonary injury. PH < 2.5 and a volume of >0.3 ml/kg are both 
associated with severe aspiration pneumonitis [15]. With gastric ultra-
sound we can examine both the volume and consistency of gastric 
content. Also, residual gastric volume can give indirect information 
about gastric pH given the negative relationship between gastric resid-
ual volume and pH. 

Gastric emptying is prolonged in 30–50% of diabetic patients 
[16,17]. However, blood glucose concentration, vagus nerve activity, 
secretion of gut hormones, including GLP-1, cholecystokinin, and 

Table 1 
Patient characteristics (n = 145).  

Factor Total (n = 145) 

Age (year) 60 ± 13 
Female sex, n (%) 67 (46) 
Race, n (%)   
- Caucasian 123 (85)  
- African American 16 (11)  
- Asian 2 (1)  
- Other 4 (3) 
ASA statusa   

- II 23 (17)  
- III 105 (76)  
- IV 11 (8) 
BMI (kg/m2) 33 ± 11 
Current smoker 13 (9) 
Current recreational drug user 2 (1) 
Medical history   
- Dyslipidemia 71 (49)  
- Hypertension 92 (63)  
- Chronic pulmonary disease 11 (8)  
- Obstructive sleep apnea 20 (14)  
- Coronary heart disease 18 (12)  
- Congestive heart failure 9 (6)  
- Chronic kidney disease 12 (8)  
- Neurological disease 23 (16)  
- Cerebrovascular disease 7 (5)  
- Chronic pain requiring opioids 13 (9)  
- Alcohol abuse 4 (3)  
- Major depression disorder 17 (12)  
- Arthritis 13 (9) 
Prokinetic treatmenta 9 (6) 
Use of proton pump inhibitors 89 (61) 
Fasting hour   
- Fluida 11 ± 5.4  
- Meala 15 ± 5.2 
Endoscopy type:   
- Upper 134 (92)  
- Upper and lower 11 (8) 

Statistics presented as means ± SDs, or N (column %). 
a Data not available for all subjects. Missing values: ASA = 6, Prokinetic 

treatment = 1, Fasting fluid = 2, Fasting meal = 4. 
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peptide YY all contribute to variability in the degree of gastroparesis 
[18–20]. We found that duration and severity of diabetes did not affect 
residual gastric volume in our patients. Consistent with our finding, in a 
longitudinal 25-year follow-up of diabetic patients, Chang et al. found 
that there was no significant slowing of gastric emptying for either solids 
or liquids in long-standing diabetics, despite autonomic function dete-
rioration [16–21]. Thus, delayed gastric emptying due to diabetes is 
largely unrelated to the severity of gastroparesis or glycemic control. 
Preoperative gastric ultrasound can help in identifying patients with 
high residual gastric volume and may be considered for all diabetic 
patients. 

We did not find a good correlation between residual gastric volumes 
measured using ultrasound and measured through direct endoscopic 
aspiration. This could be due poor measurement technique, suboptimal 
positioning, limited clinician’s expertise, a suboptimal algorithm for 
estimating residual gastric volume, or simply because ultrasound is 
unreliable for this purpose. Residual gastric volume estimates were 

Fig. 1. Study flow chart.  

Fig. 2. Gastric volume and A) HbA1c, B) duration of diabetes, C) chronic use of opioid.  

Table 2 
Associations between HbA1C, duration of diabetes and gastric volume measured 
by endoscopy.  

Factors Summary Ratio of geometric 
meansa (97.5% CI) 

P- 
valueb 

Diabetic patients (n = 131) 
HbA1C (%) (One percent 
increase) 

7.2 ± 1.5 1.07 (0.90, 1.27) 0.38 

Duration of diabetes (10 
year increase) 

8.5 [3.0, 
15] 

0.84 (0.64, 1.12) 0.17  

a Ratio of means was estimated from a linear regression model after log 
transformation of gastric volume. 

b The raw P-values without correction are presented. The significance level is 
0.025 (i.e. 0.05/2) after Bonferroni correction). Correspondingly, 97.5% confi-
dence interval (CI) was reported. Statistics presented as means ± SDs, medians 
[P25, P75], or N (%). 
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obtained by at least two anesthesiologist who were proficient in ultra-
sound technology with more than decade of experience. But due lack of 
any evidence-based guideline we required them to perform only ten 
gastric ultrasound exams before study start, which is a limitation of our 
study. Arzola et al. argued that only 35 examination are needed to gain 
competence in gastric ultrasound exam [22]. Whereas, Kruisselbrink 
et al. found high intrarater and interrater reliability among anesthesi-
ologist who have performed 50–500 gastric ultrasound exams [23]. It 
thus seems prudent to mandate at least 50 gastric ultrasound exam for 
clinical or research competency. 

Also, the results might have differed with newer methods of esti-
mating residual gastric that use gastric antral cross-sectional area. For 
example, El-Boghdadly et al. [24] tracked antral circumference in ul-
trasound imaging to calculate antral cross-sectional area and estimated 
residual gastric volume whereas we used anteroposterior and cranio-
caudal distance to calculate antral cross-sectional area described by 
Perlas et al. [10,11] which is well validated [10,25,26]. Importantly, our 
primary conclusions about the relationship between duration of diabetes 
and residual gastric volume are based on actual endoscopic aspirates. 

It is difficult to interpret clinical importance of the 25 ml median 
absolute difference in ultrasound estimated and direct aspirate residual 

gastric volume. But current evidence suggests that residual gastric vol-
ume > 1.5 ml/kg body weight is associated with high risk of aspiration 
[1]. And in most cases we were able to identify >100 ml residual volume 
using ultrasound examination. Our patients fasted on an average 15 h for 
fluid and 11 h for solids which is more than 8 h of recommended fasting. 
Prolonged fasting leads to patient discomfort, thirst and hunger leading 
to anxiety and pain, and patient dissatisfaction. Also, prolonged fasting 
has also shown to have a non-linear association with hypotension during 
induction of anesthesia in pediatric patients [27]. 

In summary, the duration and severity of diabetes did not influence 
preoperative residual gastric volume in our patients who fasted on an 
average 15 h for fluid and 11 h for solids. Measuring preoperative re-
sidual gastric volume using gastric ultrasound can help in identifying 
patients with excessive gastric contents despite recommend overnight 
fasting, especially in patients with unknown fasting status. Adequate 
training in gastric ultrasonography is needed to get reliable estimates of 
residual gastric volume as noted by recent Canadian Society of Anes-
thesiologist training guidelines for perioperative point-of-care ultra-
sound [28]. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jclinane.2021.110463. 
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