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EDITOR’S PERSPECTIVE

What We Already Know about This Topic

e Aspiration of gastric contents during induction of anesthesia can
lead to significant morbidity or mortality.

e Diabetes mellitus may lead to delayed gastric emptying due to auto-
nomic dysfunction.

e Few data are available regarding the frequency of “full stomach” in
diabetic versus nondiabetic patients following fasting guidelines for
elective surgery.

What This Article Tells Us That Is New

e In this prospective, noninferiority study of 180 fasted patients using
bedside ultrasound, gastric volume was not higher in diabetic ver-
sus nondiabetic patients. The frequency of full stomach was also
similar between the two groups.

ABSTRACT

Background: The physiology of diabetes mellitus can increase the risk of
perioperative aspiration, but there is limited and contradictory evidence on the
incidence of “full stomach” in fasting diabetic patients. The aim of this study
is to assess the baseline gastric content (using gastric ultrasound) in diabetic
and nondiabetic patients scheduled for elective surgery who have followed
standard preoperative fasting instructions.

Methods: This was a prospective, noninferiority study of 180 patients (84
diabetic and 96 nondiabetic patients). Bedside ultrasound was used for qual-
itative and quantitative assessment of the gastric antrum in the supine and
right lateral decubitus positions. Fasting gastric volume was estimated based
on the cross-sectional area of the gastric antrum and a validated model. The
hypothesis was that diabetic patients would not have a higher baseline fasting
gastric volume compared to nondiabetic patients, with a noninferiority margin
of 0.4ml/kg. Secondary aims included the comparison of the incidence of
full stomach (solid content or more than 1.5mL/kg of clear fluid), estimation
of the 95th percentile of the gastric volume distribution in both groups, and
examination of the association between gastric volume, glycemic control, and
diabetic comorbidities.

Results: The baseline gastric volume was not higher in diabetic patients
(0.81+£0.61ml/kg) compared to nondiabetic patients (0.87 +0.53 ml/kg)
with a mean difference of —0.07 ml/kg (95% Cl, —0.24 to 0.10 ml/kg). A total
of 13 (15.5%) diabetic and 11 (11.5%) nondiabetic patients presented more
than 1.5ml/kg of gastric volume (95% ClI for difference, —7.1 to 15.2%).
There was little correlation between the gastric volume and either the time
since diagnosis or HbA1C.

Conclusions: The data suggest that the baseline gastric volume in diabetic
patients who have followed standard fasting instructions is not higher than
that in nondiabetic patients.

(ANESTHESIOLOGY 2024; 140:648-56)

e Currentfasting guidelines by the American Society of Anesthesiologists
are similarly effective in diabetic and nondiabetic patients.

A

spiration of gastric contents is the single most common
cause of death in airway-related incidents.! One of the
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main risk factors for pulmonary aspiration is the presence of
a “full stomach” at the time of induction, which may be due
to delayed gastric emptying or noncompliance with fasting
instructions. While the absolute incidence of aspiration is
low in elective surgical patients (less than 1:3,000), diabetic
patients are often considered to be at increased risk due to
the potential for delayed gastric emptying related to auto-
nomic dysfunction.? However, there is limited and conflict-
ing evidence concerning the incidence of a full stomach
in fasting diabetic patients, and there are no epidemiologic
studies of aspiration in this particular patient population.’
Moreover, although gastroparesis may present with nonspe-
cific symptoms such as postprandial fullness, early satiety,
bloating, nausea, and vomiting, many are asymptomatic,
which makes preoperative risk stratification difficult.*

As there are no consistent specific clinical features that
define gastroparesis, the primary risk reduction strategy 1s to
ensure an “empty’ stomach at the time of anesthetic induc-
tion. The latest 2017 fasting guidelines by the American
Society of Anesthesiologists (ASA; Schaumburg, Illinois)
aim to limit residual gastric volume by recommending a
time frame in which to abstain from food and drinks before
elective surgery: a minimum of 2h of fasting for clear fluids,
6h for a light meal, and 8 h of fasting for a full meal contain-
ing fatty food.> However, these guidelines are only appli-
cable to low-risk, otherwise healthy patients undergoing
elective surgery, and there is no consensus on whether the
standard fasting intervals are adequate in patients with dia-
betes.” The guidelines state that patients with diabetes may
require longer fasting intervals to ensure an empty stomach.
As such, it remains equivocal whether diabetic patients fol-
lowing the same ASA fasting guidelines have similar gastric
residual volumes to nondiabetic patients.” In addition, the
relationship between the duration of diabetic disease, glyce-
mic control, and gastric residual volume is poorly defined.

Bedside gastric ultrasound is a noninvasive, accurate, and
reliable tool to assess gastric content and inform aspiration
risk assessment at the bedside before anesthesia and surgery.®
A bedside ultrasound exam can readily distinguish an empty
stomach from one with clear fluid or solid content.® When
clear fluid is present, a gastric volume greater than 1.5ml/kg
is the most accepted critical volume threshold of an at-risk
stomach.” The primary aim of the study is to determine
whether current preoperative fasting guidelines consistently
ensure an empty stomach in diabetic patients. Secondarily, we
sought to evaluate the effects of diabetic severity and dura-
tion on preoperative residual gastric volume. Our hypothesis
is that diabetic patients who have followed standard fasting
instructions before elective surgery have a baseline gastric
volume that is not higher than that in nondiabetic patients
with a noninferiority margin of 0.4 ml/kg.

Materials and Methods

This single-center, prospective, noninferiority
sectional study was conducted at Toronto Western Hospital,

Cross—
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a university-based tertiary care center in Toronto, Ontario,
Canada, between September 2016 and February 2022.
Approval was obtained by the University Health Network
Research Ethics Board (approval No. 15-8808-AE), and the
study protocol was registered in the clinicaltrials.gov registry
system on September 5,2016 (NCT02888951). This study
follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines.

Inclusion and Exclusion Criteria

Diabetic and nondiabetic patients scheduled for elective sur-
gery were screened to participate in the study. Inclusion cri-
teria were age 18 to 85 yr, ASA Physical Status I to III, and
body mass index less than 40kg/m?. Patients were excluded
if they had a history of gastrointestinal surgery, were preg-
nant (currently or within the past 3 months), or had doc-
umented abnormalities of the upper gastrointestinal tract
such as achalasia. Eligible diabetic and nondiabetic subjects
were enrolled in a 1:1 ratio. Participants were consecutively
enrolled as permitted by surgical lists and availability of
research team members, and no effort was made to maintain
balance between the two groups throughout. All patients
provided written, informed consent before enrollment.

Study Design

All patients (diabetic and nondiabetic) followed the stan-
dard ASA preoperative fasting guidelines: a minimum fasting
duration of 2h after ingesting clear fluid, 6h after a light
meal, and 8h for a full meal, although we note that the latest
iteration of the guidelines published in 2017 were established
after enrollment started in 2016.The following demographic
and clinical characteristics were collected prospectively: age,
sex, height, weight, ASA Physical Status classification (I to
IV), type of surgery, and anesthetic technique.

Other relevant data, including medication history (use of
antacids and motility or prokinetic agents), comorbid med-
ical conditions (gastroesophageal reflux disease, obstructive
sleep apnea, and liver dysfunction), and laboratory values
(hemoglobin, fasting blood glucose, serum creatinine, and
estimated glomerular filtration rate) were also documented.
Diabetic patients were also queried for diabetes mellitus
class (type I or II), years since diagnosis, type of treatment
(diet-controlled, oral hypoglycemics, or insulin), glyco-
sylated hemoglobin concentrations (HbAlc), gastroparesis
symptoms (anorexia, early satiety, or postprandial fullness),”
and evidence of end-organ complications (retinopathy,
nephropathy, neuropathy, autonomic dysfunction, coronary
artery disease, stroke or transient ischemic attack, peripheral
vascular disease, and diabetic ulcers). Episodes of aspiration
were noted, if any.

Ultrasound Examination

A bedside gastric ultrasound was performed preoperatively,
on the morning of surgery by an experienced anesthesiologist
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blinded to the patient’s diabetes mellitus status using a stan-
dardized gastric scanning protocol, previously described.’
The ultrasound examinations were performed or directly
supervised by one of two investigators (A.P. or R.K.), both
of whom have several years of experience in gastric ultra-
sound and have been involved in multiple related stud-
ies using gastric ultrasound. These investigators were not
involved in patient screening and enrollment, which was
performed by an independent research assistant to ensure
blinding. Briefly, the qualitative and quantitative assessment
of the gastric antrum was performed in the supine posi-
tion and then in the right lateral decubitus position using
a portable ultrasound unit (Sonosite Edge system, Sonosite
Inc., USA) and a curved array low-frequency (2 to 5 MHz)
transducer. The gastric antrum was located between the left
lobe of the liver and the pancreas at the level of the abdom-
inal aorta.'®!!

The sonographic appearance of the antrum was used to
determine the nature of gastric content: empty (flat antrum),
clear fluid (hypoechoic content), or solid (heterogeneous,
hyperechoic content).”"" The semiquantitative three-point
Perlas grading system was used to discriminate between low
and high gastric fluid volumes."” Grade O refers to an empty
antrum in both supine and right lateral decubitus positions,
suggesting no gastric content. A grade 1 antrum has clear
fluid that is appreciable in the right lateral decubitus position
only and corresponds with a low-volume state, commonly
observed in healthy fasting patients.*'” A grade 2 antrum
contains clear fluid in both supine and right lateral decubitus
positions and correlates with higher gastric volumes.®

For the quantitative component, the cross-sectional
area of the gastric antrum was measured in the right lateral
decubitus position, including the full thickness of the gas-
tric wall, using the free-tracing function of the ultrasound
unit (fig. 1).° The gastric fluid volume was estimated using
the following previously validated model by Perlas et al.''%:
gastric volume (ml) = 27.0+14.6 X right lateral decubi-
tus cross-sectional area (cm?) — 1.28 X age (yr), where the
right lateral decubitus cross-sectional area is the antral cross-
sectional area measured in the right lateral decubitus
position. This model originated in a study that obtained
measurements of gastric antral area in the right lateral decu-
bitus performed by a blinded sonographer on 108 patients
who had ingested 0 to 400ml of clear fluid (apple juice)
assigned at random immediately before gastroscopy. These
measurements were then correlated to the total gastric vol-
ume suctioned during the gastroscopic exam performed
just a few minutes later by a blinded gastroenterologist.
From the data set, 50% of values were used for model devel-
opment, and the other 50% were used for model valida-
tion. The mean bias or systematic error of the model was
reported to be 6ml."? This model was further validated in
a separate study using a similar methodology on patients
with body mass index greater than 40kg/m?."* This method
for gastric volume evaluation has been found to be highly

ANESTHESIOLOGY 2024; 140:648-56
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Fig. 1. Sonographic image of the gastric antrum in the epi-
gastric area. Note the yellow dotted line indicating how cross-
sectional area of the antrum is measured by tracing the outer
surface of the gastric antrum at the level of the aorta. A, antrum;
Ao, aorta; L, liver; P, pancreas; Rm, rectus muscle.

reliable in a study comparing the measurements of three
independent blinded observers with intraclass correlation
coefficients greater than 0.8, which are considered to be
“almost perfect” reliability in the literature.'

An empty stomach was defined as a grade 0 antrum (no
fluids or solid content appreciable) or a gastric residual vol-
ume of less than 1.5ml/kg of clear fluid, consistent with
baseline gastric secretions. A full stomach was defined as the
presence of solid content or greater than 1.5ml/kg of clear
fluid, suggesting greater than normal baseline volume.*"

The examinations in which the gastric antrum was not
visualized well enough for a meaningful assessment were
considered “inconclusive,” and those patients were excluded
from the final analysis. The results of the ultrasound exam-
ination were used for research purposes only. As it is not
standard practice to perform gastric ultrasound in elective
surgical patients who have followed fasting instructions, the
results of this examination were not shared with the clinical
team, and neither did they inform anesthetic care.

Outcomes

The primary aim of the study was to determine whether
current preoperative fasting guidelines consistently ensure
an empty stomach in diabetic patients. To that end, we
compared residual gastric volume (estimated in ml/kg) in
diabetic and nondiabetic patients scheduled for elective
surgery with a noninferiority study design. The nonin-
feriority margin for the mean difference was predefined
as a 0.4ml/kg higher gastric volume in diabetic patients.
Secondarily, we sought to (1) describe the distribution of
baseline gastric volume in fasting diabetic and nondiabetic

Copyright © 2023 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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patients; (2) compare the incidence of full stomach (defined
as the presence of solid content or greater than 1.5ml/kg
of clear fluid) in fasted diabetic versus nondiabetic subjects;
(3) estimate the upper limit of normal fasting gastric vol-
ume (defined as the 95th percentile) in each cohort; (4)
evaluate the association between gastric fluid volume, the
duration of disease, degrees of glycemic control (dichoto-
mized into HbAlc less than 7% vs. HbA1C 7% or more),
and the type of therapy required for diabetes (diet only, oral
hypoglycemic agents, or insulin); and (5) report the inci-
dence of episodes of intraoperative regurgitation, vomiting,
or aspiration.

Sample Size and Data Analysis

The statistical plan was written and filed with a private
entity (institutional research ethics board) before any data
were accessed. The initial plan was to do a superiority anal-
ysis, which corresponded to a sample size of 260. In late
2019, the study was presented at internal departmental
research rounds, before accessing any data, and during the
enrollment period. At that time, it was recommended that
a noninferiority analysis would be more consistent with
our hypothesis that diabetic patients would not have higher
baseline volume than nondiabetic patients. An amendment
was submitted to the institutional research ethics board in
2020 requesting the change in analysis plan which resulted
in a changed sample size to 190. This was approved by the
board in 2020 before accessing any data and before enroll-
ment was complete.

The sample size calculation was then based on a non-
inferiority design. The primary outcome measure was gas-
tric volume per unit of weight (ml/kg). Based on previous
studies, we assumed a mean value in the control group of
0.8ml/kg and a SD of 0.8ml/kg. We hypothesized that
baseline gastric volume would not be higher in diabetic
patients compared to nondiabetic patients with a noninfe-
riority margin of 0.4 ml/kg. This noninferiority margin is
half of the anticipated within-group SD, a value that is gen-
erally considered a small effect. This value was also judged
to be a clinically unimportant difference. To achieve 90%
power to reject this margin and claim noninferiority with a
one-sided type I error of 0.025, a minimum of 85 subjects
per group was required. To account for 10% of participants
being withdrawn or nonevaluable, the total number was
increased to 190 subjects.

Data analysis was completed using R software version
4.2.0. Categorical data were summarized as counts and per-
centages (%) within the diabetes and nondiabetes groups.
The standardized differences in baseline characteristics
between the groups were calculated; these quantify the dif-
ference between groups in units of standard deviations and
allow judgment of which variables differ the most and least.
Continuous data were summarized by the mean and SD or
median and interquartile range as appropriate. The noninfe-
riority comparison between the two groups for the primary

Gastric Volume and Diabetes

endpoint of baseline gastric volume (in ml/kg) used the
unpaired Student’s ¢ test to calculate a two-sided 95% CI
for the mean difference in volume between diabetic and
nondiabetic patients. If the upper limit of the interval was
less than 0.4ml/kg, noninferiority was declared. To check
the sensitivity of the assumptions of normality made by the
t test, a percentile-based CI was calculated using the boot-
strap (with 2,000 replications) and a CI for the difference in
medians was calculated using the Wilcoxon rank-sum test.
For secondary objectives, (1) the 95% CI for the difference
in the incidence of full stomach (solid content or greater
than 1.5ml/kg of clear gastric content) between the two
groups was computed using the normal approximation to
the difference in two proportions; (2) the distributions of
the values of antral grades and gastric volume was visu-
ally inspected with density and quantile—quantile diagnostic
plots and Kolmogorov—Smirnov two-sample test; (3) the
CIs for the 95th percentiles of antral cross-sectional area
and gastric volume were calculated using a binomial-based
method; (4) the associations between gastric volume and
duration and type (I and II) of diabetes were summarized
by Pearson correlation coefficient; and (5) the gastric vol-
ume was summarized by type of therapy (diet only, oral
hypoglycemic agents, or insulin). Except for those for the
noninferiority analyses, all statistical tests were two-tailed,
and P values less than 0.05 were taken to indicate statistical
significance.

Results

A total of 208 patients were screened for eligibility between
September 2016 and February 2022. Of these patients, 191
(91 diabetic and 100 nondiabetic) met the inclusion criteria
and provided written consent for enrollment; 11 patients
had inconclusive ultrasound examinations with missing
data that precluded a meaningful analysis (drop-out rate,
6.8%). After inconclusive exams were excluded, 180 sub-
jects (84 diabetic and 96 nondiabetic) were included in the
final analysis (fig. 2).

Patient characteristics are table 1.
Compared with control subjects, diabetic patients were
older by almost 10 yr, had a higher body mass index and a
higher ASA classification score, and reported higher rates of
obstructive sleep apnea, lipid dysfunction, and use of antac-
ids. The intended inclusion criteria was ASA Physical Status
I to III. Although all patients in the study were classified as
ASA Physical Status I to III during the screening process,
two patients were classified as ASA Physical Status IV at
the time of surgery by the attending anesthesiologist, so the
classification was changed for those two patients.

The most common surgical procedures were orthope-
dics (60.2%), ophthalmology (13.6%), plastics (7.3%), and
urology (6.3%). Among diabetic patients, the mean glyco-
sylated hemoglobin (HbAlc) was 7.2% (1.5%), and 41%
had HbA1C levels above 7%. The mean time since diag-
nosis of diabetes mellitus was 12.2 (11.6) years. The most

summarized in
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Screened
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Qualitative Results

|

Empty (Grade 0)
n=60

(30 DM, 30 HC)

J

Clear fluids (Grade 1 or 2)

n=120
(54 DM, 66 HC)
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n=96
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1

Volume?
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n=24
(13 DM, 11 HC)
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n=24
(130M, 11 HO)

{0 OM, 0 HO)

Fig. 2. Flow chart describing patient flow and the results of the
ultrasound examination.

prevalent diabetic comorbidities and complications were
retinopathy (38.5%), neuropathy (27.5%), and nephrop-
athy (16.5%). Gastroparesis symptoms such as postpran-
dial fullness, early satiety, and anorexia were reported in
34.1, 28.6, and 12.1% of diabetic patients, respectively.
Approximately 10% of diabetic patients had documented
autonomic dysfunction.

The mean fasting gastric volume was not higher in dia-
betic patients (0.81+0.61 ml/kg) compared to nondiabetic
controls (0.87 £0.53ml/kg). The mean difference in gas-
tric volume was —0.07ml/kg (95% CI, —0.24 to 0.10ml/
kg; fig. 3). Noninferiority was therefore confirmed, as the
upper limit of the 95% CI was below the a priori margin of
0.4ml/kg.

‘We have performed a sensitivity analysis to explore the
possible effect of missing values on the results of the pri-
mary outcome with multiple imputation of the 11 missing
cases. This model included the patient group, age, height,
weight, body mass index, and use of antacids. We used the
mice package in R and generated 10 complete data sets.
The bootstrap analyses were carried out in each one, and
the 95% CI was computed on the entire set of 20,000 boot-
strapped mean differences. The 95% CI from this procedure

was —0.22 to 0.10, much the same as in the analysis with
complete case data.

(1) Worst case: assigning the 95th percentile within-group
to missing values. The 95% CI from this procedure was
—0.18 to 0.16, with an upper limit of the CI still sub-
stantially below the noninferiority margin of 0.4.

(2) Best case: assigning the 5th percentile within-group to
missing values. The 95% CI from this procedure was
—0.26 to 0.07, with an upper limit of the CI below that
from our primary analysis

(3) Worst case/best case: in the diabetic group, assign the
95th within-group percentile to missing values, and
in the nondiabetic group, assign the 5th within-group
percentile. This extreme (and unrealistic) case assumes
that all missing values were high for diabetic patients
and low for nondiabetic patients. The 95% CI from this
procedure was —0.13 to 0.23, a finding that still satisfies
the noninferiority criterion.

The gastric ultrasound findings are presented in table 2.
The incidence of full stomach, defined as clear fluid volume
in excess of 1.5ml/kg, was not higher in the diabetic group.
There were no significant differences in the distribution of
the antral grades in both groups (table 2). Of the diabetic
patients, 31 (36.5%) had a grade O antrum versus 30 (31.2%)
control patients; 42 (49.4%) presented a grade 1 antrum ver-
sus 50 (52.1%) control patients; and 12 (14.1%) had a grade
2 antrum versus 16 (16.7%) control patients. No patient was
found to have solid content.

The mean antral cross-sectional area in the right lat-
eral decubitus position was no different in the two groups
(8.31£3.6cm? in diabetic patients and 7.8 £3.0 cm? in con-
trol subjects, P = 0.37), and the distribution of gastric fluid
volumes was not higher in diabetic compared to nondia-
betic patients (fig. 4). Further, the 95th percentile for gastric
volume was similar between the two groups: 1.94 (95% CI,
1.73 to 2.48) ml/kg in the diabetes cohort and 1.73 (95%
CI, 1.49 to 2.20) ml/kg in controls.

There were no significant associations between gastric
volume and the type of diabetes (I or II; mean difference
II vs. 1, 0.09ml/kg (95% CI, —0.28 to 0.47), duration of
disease (0.00ml/kg change in volume for each 5 yr of dis-
ease; 95% CI, —0.06 to 0.06), or HbAlc level (0.03ml/kg
decrease in gastric volume for each 1% increase in HbAlc;
95% CI, —0.14 to 0.09). There were no episodes of regur-
gitation, vomiting, or aspiration noted upon induction or
emergence of anesthesia in either group.

Discussion

The current study suggests that baseline fasting gastric volume
is not higher in diabetic compared to nondiabetic patients
after following standard preoperative fasting instructions. The
small difference of —0.07 ml/kg with a trend toward slightly
higher volumes in control subjects was neither clinically nor
statistically significant. The 95% CI of this difference of 0.24
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Table 1. Patient Characteristics

Characteristics Nondiabetic (n =100)  Diabetic (n = 91) Standardized Mean Difference P Value
Age, yr, mean + SD 53.9+145 63.4+11.2 0.74 < 0.001
Female sex 41 (41.4%) 37 (40.7%) 0.02 >0.999
Weight, kg, mean + SD 82.8+17.6 88.0 +18.7 0.28 0.051
Height, m, mean + SD 1.72+£0.10 1.69 +0.10 0.26 0.073
Body mass index, mean + SD 28.0+5.2 308+55 0.51 0.001
ASA Physical Status, % (n, = 97, n, = 90)
| 36 (37.1) 0(0.0) 1.57 < 0.001
I 39 (40.2) 18 (20.0)
1l 22 (22.7) 70 (77.8)
v 0(0.0) 2(2.2)
Type of surgery, % (n, = 99, n, = 91)
Hands/plastics 12 (12.1) 222 0.73 0.001
General surgery 0(0.0) 8(8.8)
Orthopedic surgery 65 (65.7) 50 (54.9)
Neurosurgery 3(3.0) 3(3.3)
Spine surgery 5(5.1) 4(4.4)
Ophthalmology 7(7.1) 19(20.9)
Urology 7(7.1) 5(5.5)
Diabetes-related medical history
Type Il diabetes, % — 77 (84.6) —
Time since diagnosis, yr
Mean + SD — 1218 + 11.57 —
Median (interquartile range) —_ 10(3t017) —_
Retinopathy, % — 35 (38.5%) —
Nephropathy, % —_ 15 (16.5%) —_
Neuropathy, % —_ 25 (27.5%) —_
Autonomic dysfunction, % — 9(9.9%) —_
Coronary artery disease, % — 13 (14.3%) —
Stroke or transient ischemic attack, % — 7 (7.7%) —
Peripheral vascular disease, % — 5 (5.5%) —
Diabetic ulcers, % (n, = 90) — 5 (5.6%) —
Gastroparesis symptoms
Anorexia, % —_ 11 (12.1%) —_
Early satiety, % —_ 26 (28.6%) —
Postprandial fullness, % — 31 (34.1%) —
Other comorbidities
Gastroesophageal reflux disease, % (n, = 99, n, = 90) 23 (23.2%) 32 (35.6%) 0.27 0.089
OSA, % (n, = 99) 12 (12.1%) 23 (25.3%) 0.34 0.032
Lipid dysfunction, % (n, = 99) 1(1.0%) 11 (12.1%) 0.46 0.005
Medication history
Diet controlled, % — 25 (27.5%) —
Oral hypoglycemic agents, % (n, = 90) —_ 67 (74.4%) —_
Insulin, % — 27 (29.7%) —
Antacids, % 16 (16.0%) 28 (30.8%) 0.35 0.025
Motility agent, % 1(1.0%) 0(0.0%) 0.14 >0.999
Laboratory values
Hemoglobin, mean + SD 1451 £11.3 137.1£18.2 0.53 0.003
Fasting blood sugar, mean + SD 58+1.1 79=+241 1.28 < 0.001
Creatinine, median (interquartile range) 75.0 (67.5 0 84.0) 77.0 (70.0 to 98.0) 0.42 0.139
Estimated glomerular filtration rate, median (interquar- 96.4 (78.510 120.3) 93 (67.0 to 108.8) 0.06 0.089
tile range)
HbA1c, mean = SD — 72+15 — —
HbA1C > 7%, % — 25 (41.0%) — —

The numbers in the nondiabetic and diabetic groups are 100 and 91 unless specified otherwise, where n, is the number in the diabetic group, and n, is the number in the nondiabetic
group.
—, not applicable (no data in nondiabetic group); ASA, American Society of Anesthesiologists; 0SA, obstructive sleep apnea.

to 0.10ml/kg fell well below the noninferiority margin.  different between those with diabetes and those without. This

Furthermore, all other markers of gastric “fullness” (overall dis- suggests that the current fasting guidelines by the ASA are just
tribution of antral grades and volume, values of antral areaand ~ as effective in preventing a full stomach in diabetic patients as
rates of volume greater than 1.5 ml/kg) were not significantly in nondiabetic subjects before elective surgery.
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Diabetic volume lower Nor-inferlorty
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Wilcoxon-test based Cl (medians){ —I—§
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Bootstrap Cl (means) ——l—iv—
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Difference between diabetic and non-diabetic volumes (mL/kg)

Fig. 3. Difference in baseline gastric volume between diabetic
and nondiabetic patients. Squares represent mean values of the
difference, and the lines represent the 95% CI of the difference.
Note the 95% Cl values all fall below the noninferiority margin
of 0.4 ml/kg.

At present, there 1s no consensus on what constitutes an
adequate fasting interval to minimize aspiration events in
diabetic patients. No study specifically reports the incidence
of pulmonary aspiration in patients with diabetes, likely
because aspiration is a relatively rare event. A recent scop-
ing review of the literature suggested that more prospective
studies are required to evaluate the effectiveness of fasting
guidelines in diabetic patients.’

To date, six published studies have evaluated fasting gas-
tric content in diabetic patients as a surrogate marker of
aspiration risk.">?" The findings were mixed, and researchers
reached different conclusions based on what baseline con-
tents and volumes they perceive to constitute an “at-risk”
stomach.

Three of the six studies reported negligible fasting vol-
umes in both diabetes mellitus patients and controls.'>™"”
Using a standardized scanning protocol, Garg et al.'® assessed
53 diabetes mellitus subjects and reported a higher mean
gastric volume in patients with diabetes mellitus (9mL)
compared with non—diabetes mellitus patients (2mL).
However, gastric volumes up to 1.5ml/kg are normal in
healthy fasting patients, and this difference reported by Garg
et al.," while statistically significant, is clinically negligible.
In addition to our findings in the current study, Sharma

Table 2. Results

et al.'®

studied 100 patients and also found similar fasting
volumes within the normal range for patients with (57 ml)
and without diabetes (51 ml). Likewise, Reed and Haas'
conducted a study on 40 patients with type 2 diabetes and
reported a mean fasting volume of 23.75ml, which is well
within the normal range for all fasting individuals.

In contrast, a study by Sabry ef al.'® estimated higher
gastric volumes in the diabetic cohort compared to non-
diabetic patients (177 vs. 83 ml). However, without weight
corrections, it is difficult to conclude whether these vol-
umes fall within the range that is currently considered safe.
Finally, two studies reported a higher incidence of full stom-
ach in diabetic patients."”? Zhou ef al." studied 52 diabetic
patients and reported a higher incidence of full stomach
(48%) compared to nondiabetic patients (8%). However, full
stomach in this study was defined based only on qualitative
sonographic findings (e.g., Perlas grade 2 antrum), which
is a good screening method but not as accurate as doing
an actual volume assessment. Similarly, a recent study by

Rousset et al.”’

on 42 diabetic patients observed a higher
incidence of full stomach, which the authors defined as
either Perlas grade 2 antrum or antral cross-sectional area
greater than 3.40 cm? (which correlates with a gastric vol-
ume of 0.8 ml/kg. However, there is growing evidence to
suggest that these thresholds for at-risk stomach of 3.4 cm?
or 0.8ml/kg used by Rousset ef al.** and based on ani-
mal models are overly conservative for humans and may
result in many “false-positive” full stomachs, being just at or
below the mean values of normal baseline gastric volume
in fasting individuals.*” In the current study, for example,
the mean antral cross-sectional area was 7.8 (3.0) cm?, and
the mean volume was 0.9 (0.5) ml/kg in the nondiabetic
control group, which is consistent with previous litera-
ture.'™2?2 In summary, we suggest that our study offers
more definitive results compared to previous studies as (1)
it has a larger sample size, (2) it uses a noninferiority analysis
that more conclusively shows the baseline volume is not
higher in diabetic patients, (3) it reports both qualitative
and quantitative findings of ultrasound, and (4) ultrasound

Nondiabetic Patients  Diabetic Patients Difference (95% CI) Diabetic
Results (n = 96) (n=84) versus Nondiabetic PValue
Qualitative findings, n (%)
Empty — grade 0 30(31.2) 30 (35.7) 4.5 (=10.5%, 19.4%,) 0.791
Clear fluid — grade 1 50 (52.1) 42 (50.0) —2.1% (—17.8%, 13.7%)
Clear fluid — grade 2 16 (16.7) 12 (14.3) —2.4% (-14.1%,9.3%)
Solid 0(0) 0(0)
Quantitative findings
Right lateral cross-sectional area, cm?, mean + SD 7.8+3.0 8.3+3.6 0.5(-0.5,1.5) 0.369
Gastric volume, ml/kg, mean + SD 0.9+0.5 0.8+0.6 -0.1(-0.2,0.1) 0.224
95th percentile of gastric volume, ml/kg, value 1.7(1.5t02.2) 1.9(1.7t02.5) 0.2(-0.2,0.5) 0.248
(95% ClI)
Patients with > 1.5ml/kg, n (%) 11 (11.5%) 13 (15.5%) 4.0% (-7.1%, 15.2%) 0.568

ANESTHESIOLOGY 2024; 140:648-56
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Fig. 4. Distribution of baseline gastric volumes in diabetic and
nondiabetic patients. A conventional threshold of 1.5ml/kg is
used as a marker of a full stomach.

assessments were performed by blinded observers. At least
one of these qualities were missing from the previous stud-
ies, which limits their internal validity.

There are some limitations to this study. First,
although all subjects followed standard preoperative
fasting instructions, we do not know exactly how many
hours of fasting they presented with. It is possible that
the fasting intervals may have been actually longer that
the minimum recommended intervals. However, the
conditions of the study represent normal clinical cir-
cumstances. Second, we found a higher-than-expected
rate of full stomach (11 to 15% compared to 3 to 5% in
previous studies). However, any sonographic definition
of full stomach based on a threshold value of clear fluid
content is somewhat arbitrary. The selected threshold of
1.5ml/kg, while highly quoted and often used in the
literature, is likely still rather conservative and oversen-
sitive to detect full stomach. Third, our study popula-
tion consisted of mostly orthopedic, ophthalmology, and
plastic surgery populations, with ASA Physical Status I
to III and a body mass index of less than 40 kg/m?. It is
unknown whether our results are generalizable to other
surgical populations such as those undergoing abdominal
surgery, with greater comorbidities or morbid obesity,
which could be at increased risk.

The main clinical implication of this study is that at
least in the absence of a clear diagnosis of gastroparesis, the
majority of diabetic patients present with an empty stom-
ach after following standard fasting instructions. One caveat
to this statement is that the enrollment period in this study
was completed before the introduction of glucagon-like
peptide-1 receptor agonists, a common class of drugs now
indicated for diabetes and weight loss whose mechanism of
action includes a delay in gastric emptying.

Gastric Volume and Diabetes

However, rather than assuming a full or an empty
stomach based on patient history alone, the true value of
bedside gastric ultrasound lies in the possibility of assess-
ing gastric content at the bedside and individualizing care
based on sonographic findings. While this is still an evolv-
ing tool, it is being increasingly incorporated into clinical
practice. The European Society of Anesthesiologists, for
example, was the first society to incorporate gastric ultra-
sound into their fasting guidelines and recommend the
use of gastric ultrasound in children in situations in which
fasting status is not clear or for urgent or emergency sur-
gery.” In conclusion, our data suggest that the baseline
gastric volume in diabetic patients is not higher than that
in nondiabetic patients when standard preoperative fasting
intervals are followed.
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Near-infrared spectroscopy in vegetables and humans

An observational study

Ronald A. Kahn and Anelechi Anyanwu

BACKGROUND Cerebral near-infrared spectroscopy (NIRS)
of tissue oxygen saturation is claimed to be a surrogate marker
for global cerebral perfusion. Increasingly, NIRS target-based
therapy has been used during cardiac surgery in the hope of
decreasing the incidence of adverse neurological outcome.

OBJECTIVES We report NIRS values for some common
vegetables and faculty at a world-class medical institution.

DESIGN Observational nonblinded study.

SETTING Single tertiary care institution and local urban
vegetable market.

PARTICIPANTS Five yams (Dioscorea cayenensis), five
courgettes (Cucurbita pepo) and five butternut squashes
(Cucurbita moschata) were studied. Five cardiothoracic
surgeons and anaesthesiologists were the control group.

INTERVENTIONS None.
MAIN OUTCOME MEASURES NIRS value of each species.

RESULTS Mean NIRS value for the control group was 71%
[95% confidence interval (Cl) 68 to 74] and was similar to
that of the yellow squashes [75% (95% Cl 74 to 76)]. These
values were significantly greater than the NIRS measure-
ments of both the butternut squash and yam [63% (95% CI
62 to 64) and 64% (95% CIl 63 to 65), respectively,
P <0.01].

CONCLUSION Commonly eaten vegetables have NIRS
measurements similar to those seen in healthy humans.

Published online 17 July 2018

Introduction

Cerebral near-infrared spectroscopy (NIRS) of tissue
oxygen saturation is claimed to be a surrogate marker
for the adequacy of global cerebral perfusion during
certain surgical procedures. Using optical spectroscopy,
the degree of oxygen saturation may be estimated by
measuring the difference in the intensity of a transmitted
and received light at specific frequencies. If sensors are
applied to the forehead, real-time measurements of cere-
bral oxygen saturation may be obtained.

Recentinvestigations have suggested that application of
NIRS target-based therapy during cardiac surgery may
decrease the incidence of adverse neurological out-
come.' A comprehensive study to prove this point would
require enormous effort and funding beyond the abilities
of the authors. A simpler alternative test to assess the
general applicability of this technology would be to
measure baseline NIRS wvalues in a few common

vegetables and faculty members of a world-class medical
institution.

Methods

The current study was approved by the institutional
review board (IRB #17-01618, One Gustave L. Levy
Place, Box 1081, NY, NY 10029, 212 824-8200. Approved
April 2017). The study group consisted of vegetables we
obtained from the local market. To avoid bias, the
investigators were not allowed to cook or eat any of
the study vegetables prior to conclusion of the study.
The control group consisted of neurologically intact
cardiothoracic surgeons and anaesthesiologists. The neu-
rological function of the anaesthesiologists was defined as
their ability to adjust the height or tilt of an operating
room table or to find a 100 dollar banknote taped to the
chest of a patient. For the surgeons, an intact spinal cord
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with spinal and brain-stem reflexes was regarded as being
neurologically intact; higher brain function was desirable
but not essential. No patients or vegetables were
involved in the design of the research protocol which
was explained to all subjects in the control group prior to
obtaining NIRS measurements. Written informed con-
sent was obtained.

A Fore-sight Elite Absolute Tissue Oximeter (Casmed,
Branford, Connecticut, USA) was used for all measure-
ments. As ripe mature vegetables were used in the
current study, adult-sized oximetry probes were used
(Fore-Sight Absolute tissue oximeter large sensor —
Adult, Casmed). In an initial feasibility study, NIRS
measurements of multiple vegetables were attempted,
but NIRS signals could not be measured for Roma
tomatoes (Solanum lycopersicum) or red peppers (Capsicum
annuum). Stable oximetry signals were observed with
yams (Dioscorea cayenensis), yellow (also known as golden)
zucchini, variously known as courgettes and calcabin
(Cucurbita  pepo), and butternut squash (Cucurbita
moschata); these vegetables were therefore chosen for
further investigation (Fig. 1). Carrots (Daucus carota) were
to be included for investigation, but some were con-
sumed by one of the authors (RAK) prior to being
studied; this was considered a protocol violation, so all
carrots were excluded from further study.

Visibly dirty vegetables were prescrubbed using standard
hospital equipment (Scrub Care Chlorohexidine Gluco-
nate Solution 4% Surgical Hand Scrub with incorporated
plastic scrub brush). Vegetables were washed with water;
it was assumed that the control group had bathed at
least once during the prior week, but we chose not to
verify this to avoid self-incrimination. To ensure equal
metabolic rate, all vegetables were allowed to reach room

Fig. 1

Subjects of the experimental group studied. From left to right butternut
squash (Cucurbita moschata), yellow zucchini (Cucurbita pepo) and
yams (Dioscorea cayenensis). The identity of subjects has been
obscured.

Eur J Anaesthesiol 2018; 35:907-910

Fig. 2

Experimental setup. A butternut squash is being studied. The oximetry
probes are applied transversely at the widest level. The optical sensors
are affixed side to side with the light emitting diodes positioned laterally.
A portion of the subject was obscured to ensure anonymity.

temperature (RT) after being removed from the refrig-
erator. T'wo oximetry probes were attached transversely
around the largest portion of the vegetable. As in clinical
practice, oximetry probes were placed next to each other
with the oximetry sensors adjacent and the light emitting
diodes laterally (Fig. 2). For the control group, the
oximetry probes were attached to ecither side of the
forechead. After a minute of stabilisation, baseline mea-
surements were recorded. Subsequent oximetry mea-
surements were recorded after 5 and 10min. At
completion of the experiment, all experimental subjects
were euthanised. The yams and butternut squash were
baked at 190 °C for 60 min, whereas the yellow zucchini
were cut transversely and fried in hot vegetable oil with a
small amount of salt and pepper. Members of the control
group were allowed to return to their daily activities.

Study size was limited by the ability of one of the authors
(RAK) to carry multiple sacks of vegetables from the
market. The mean NIRS measurement for each subject
during the study period was determined. The two right
and left lateral simultaneous measurements were consid-
ered as two independent measurements. All measure-
ments were reported as mean [95% confidence interval
(CI)]. Differences in personal and NIRS variables among
subject groups were determined by one-way analysis of
variance. Post hoc analysis using Tukey’s honest signifi-
cant difference test was used to determine differences
between groups.

Results

A total of 20 subjects were studied from February until
April 2016: five physicians, five butternut squash, five
yams and five yellow zucchini. Personal information is
summarised in Table 1. The control group consisted of
three women and two men; the sex of the vegetables
could not be determined. As we ‘are what we eat’, to
ensure a valid comparison among groups, none of the

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.
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Table 1 General characteristics

Weight (g)

Control 63200 (42500 to 83900)*
Butternut squash 718 (592 to 845)°

Yam 219 (102 to 336)
Yellow zucchini 200 (164 to 237)

BMI (kg m™2)

22.5 (20.3 to 24.8)

20.1 (16.5 to 23.6)

20.0 (15.3 to 24.8)
5.4 (5.0 to 5.8)°

Length (cm)

166 (145 to 187)%
18.9 (18.3 to 19.6)
10.4 (7.7 to 13.2)°
19.1 (18.0 to 20.3)

Mean (95% confidence interval). ®Significantly different from vegetables (P< 0.01). bSignh‘ic:amt difference among vegetables (P < 0.01). ° Significantly different from

both the control and other experimental groups.

members of the control group were vegans or fruitarians.
The height and weight of the control group were signifi-
cantly greater than those of the vegetables (P <0.01).
However, when adjusted for height, the BMI of the
control group was not significantly different from the
butternut squash or the yam. Although the butternut
squash was significantly heavier than the yam and yellow
zucchini at 718 g, (95% CI 592 to 844), 219 g (955 CI 102
to 336) and 200g (95% CI 164 to 237), respectively
(P <0.01), the yams were significantly shorter than the
butternut squash and yellow zucchini at 10.4 cm (95% CI
7.7 to 13.2), 189cm (95% CI 18.3 to 19.6) and 19.1cm
(95% CI 18.0 to 20.3), respectively (P < 0.01). The BMI
of the yellow zucchini was significantly less than the
butternut squash, the yam and the control group at
54kgm % (95% CI 5.0 to 5.8), versus 20.1kgm ?
(95% CI 16.5 to 23.6), 20.0kgm * (15.3 to 24.8),
22.5kgm % (95% CI 20.3 to 24.7), respectively (P < 0.01).

The NIRS data are summarised in Table 2. The mean
NIRS values for the control and yellow zucchini were
71% (95% CI 68 to 74) and 75% (95% CI 73 to 77),
respectively; the difference was NS. The NIRS of the
butternut squash and yam at 63% (95% CI 61 to 65) and
64% (95% CI 62 to 64), respectively, was significantly
lower than the control group and the yellow zucchini.

Discussion

In the current study, we examined NIRS values of three
varieties of common vegetables. The mean NIRS value
of yellow zucchini was 75% (95% CI 73 to 77) which was
not significantly different than the control group. This
value was greater than both the butternut squash and yam
at 63% (95% CI 61 to 65) and 64% (95% CI 62 to 64),
respectively (P <0.01). We feel that these species-spe-
cific data may be helpful in the establishment of a proper
standard for NIRS wvalues in common vegetables.
Litscher and Schwarz® have previously reported NIRS

Table 2 Near-infrared-spectroscopy-derived oximetric values

Oximetry (%)

Control 71 (68 to 74)?
Butternut squash 63 (62 to 64)
Yam 64 (63 to 65)
Yellow zucchini 75 (74 to 76)*

Mean (95% confidence interval) is presented. ®Significantly different than
butternut squash and yam (P<0.01).

values from a pumpkin (Styrian Cucurbita). Although
that report was limited to a single subject in a single
species, the current study provides a more robust picture
of NIRS values of other vegetables. When combined with
the data provided by MRI scanning of vegetables, our
physiological observations are complemented by tremen-
dous anatomical insights that may be the fruit for further
investigation.®

Observational studies have suggested that a 20 to 30%
decrease in cerebral oximetry may be associated with
peri-operative cerebral injury.*® When used as a trend
monitor with a standard set of interventions, cerebral
NIRS monitoring resulted in a lower incidence of adverse
clinical events in patients undergoing coronary artery
bypass surgery.! In contrast, other reports have suggested
an absolute threshold for cerebral oximetry values as a
predictor of adverse outcomes. Cerebral oxygen satura-
tions less than 55 and 60% have been associated with
neurological injury after aortic surgery,”’ but a meta-
analysis suggested only low-level evidence linking cere-
bral oximetry with postoperative neurological outcome.®
Taken together, current recommendations are for the
maintenance of cerebral saturation either within 20 to
30% of baseline or greater than 55% during the peri-
operative period.

The authors feel that the recommendation to maintain
cerebral oximetry greater than 55% may be too liberal.
Based upon the current investigation, the authors suggest
that minimum cerebral oximetry should be at least of the
level of a yellow squash to ensure a satisfactory neuro-
logical outcome. However, if the patient is a politician,
the maintenance of cerebral NIRS greater than a butter-
nut squash or yam may be sufficient.

The current study has several limitations. All experimen-
tal group measurements were performed at R'T. Had the
measurements been performed at 37 °C, lower oximetry
values may have been observed. Furthermore, some
would argue that two of these species studied are not
truly vegetables. According to botanical classification, a
fruit is defined as a product of the fertilised ovary of the
base of a flower and it contains the seeds of the plant. If
these stricter definitions are considered, both the butter-
nut squash and yellow zucchini would be classified as
fruits. Even as fruits, however, the data from these
species may be helpful for further investigation of psy-
chiatric outcome after surgery. Legal precedent for the
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consideration of these species as vegetables, however,
does exist.” In 1886, to avoid paying the vegetable import
tax, John Nix claimed that as a tomato is a fruit, it should
be tax exempt. This argument was rejected by the United
States Supreme Court in Nix v. Hedden. Chief Justice
Gray wrote:

“Botanically speaking, tomatoes are the fruit of a vine,
just as are cucumbers, squashes, beans, and peas. But in
the common language of the people ... all these are
vegetables. . ., usually served at dinner in, with, or after
the soup, fish, or meats which constitute the principal part
of the repast, and not, like fruits generally, as dessert.”

The authors feel that the result of this decision may
be extrapolated to both butternut squash and yellow
zucchini.

Finally, the choice of control groups may be criticised.
Some might argue that many surgeons do not employ
their brains on a daily basis, and some are often in a
chronic state that mimics vegetation, as activity can be
hard to detect. Because of difficulty in assessing brain
function in surgeons, we used adequacy of spinal reflexes
as a surrogate, as ability to perform the same reflex actions
day after day seemed a constant characteristic of all
surgeons. However, this surgical prejudice has been
challenged. Barrett'® observed that orthopaedic surgeons
have significantly larger hand sizes than general surgeons.
He concludes that although they are larger than their
colleagues, “‘orthopaedic surgeons, who under their larger
exterior are deeply sensitive people who are kind to
animals and help old ladies to cross the street.
...Orthopaedic surgeons are indeed large, but, as Sir
David Attenborough has pointed out, gorillas are among
the most civilised and integrated species about.”

We felt though that inclusion of cardiac anaesthesiolo-
gists could bring some balance, provided they could show
evidence of higher brain function, as adjusting an oper-
ating room table can be a very complex and intricate task.
There is literature that does not support this higher
intellectual function of anaesthesiologists compared with
surgeons. In an article entitled ‘Orthopaedic surgeons: as
strong as an ox and almost twice as clever? Multicentre
prospective comparative study’, Subramanian ez /. sug-
gested that male orthopaedic surgeons have greater intel-
ligence and grip strength than their male anaesthetic

Eur J Anaesthesiol 2018; 35:907-910

colleagues. We believe that the inclusion of women in
the current study provides the necessary balance.

In conclusion, this study has identified NIRS values for
some common vegetables that are similar to cerebral
NIRS in humans. Our data are a reminder that results
of diagnostic tests may sometimes lack relevant clinical
correlation. Test results should always be considered in
the clinical context rather than in isolation. Our results
suggest that predicting cerebral function from baseline
NIRS data is a fraught exercise. In the wrong context,
data are prone to misinform; although a cursory look at
our data might suggest the contrary, we refute any
suggestion that a yam or butternut squash is any more
qualified a vegetable than a yellow zucchini, or indeed
most of our control subjects.
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