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Abstract
Pulmonary aspiration of gastric contents during elective surgery remains a major cause of airway-related mortality and 
morbidity. The preoperative fasting times for solids and liquids have been standardized across various anesthesia society 
guidelines. Enhanced Recovery After Surgery (ERAS) guidelines now advocate liberal clear fluid intake with carbohy-
drate loading up to 2 h preoperatively. The aim of the study was to assess whether practicing both ASA fasting guidelines 
and ERAS protocol makes the patients prone to a full stomach. The supine position standard curvilinear ultrasound probe 
(2–5 MHz) with Sonosite M-Turbo ©system was used to obtain the images. Gastric residual volume (GRV) was derived from 
the cross-sectional area (CSA) using the Perlas and colleagues model. A total of 102 patients were recruited and analyzed. 
The mean age and BMI were 50.65 years ± 13.35 years and 22.23 kg/m2 ± 3.7 kg/m2, respectively. A total of four patients 
(3.92%) had gastric volume > 1.5 ml/kg; out of these four patients, three were female and one was male. We did not observe 
any case of pulmonary aspiration in any of our patients. In conclusion, even though for elective surgeries, the current fasting 
guidelines are adequate, these findings cannot be extrapolated to patients with risk factors for high gastric residual volume 
where further studies need to be performed.
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Introduction

Pulmonary aspiration of gastric contents during elective sur-
gery remains a major cause of airway-related mortality and 
morbidity. According to the National Audit Project (NAP4) 
by the Royal College of Anesthetists, pulmonary aspiration 
is the single most common cause of death from airway man-
agement incidents [1].

Preoperative fasting continues to be the single most 
widely used technique to mitigate this risk of pulmonary 
aspiration [2]. The preoperative fasting times for solids and 
liquids have been standardized across various anesthesia 

society guidelines. Enhanced Recovery After Surgery 
(ERAS) guidelines now advocate liberal clear fluid intake 
with carbohydrate loading up to 2 h preoperatively [3]. 
Additionally, there is considerable patient variability in gas-
tric emptying times. A recent study stated that even among 
patients who adhere to fasting guidelines, up to 4.5% of the 
patients may present with a full stomach [4].

There has been increasing interest in the application of 
point-of-care (POC) gastric ultrasonography to identify the 
“at-risk” stomach in recent times. POC ultrasonography is 
a safe, simple, non-invasive, and quick method which can 
have a significant positive impact on outcomes following the 
intervention [2]. In our institute, we follow the American 
Society of Anesthesiologists (ASA) fasting guidelines and 
ERAS protocol of carbohydrate loading 2 h prior to surgery 
for all patients posted for elective gastrointestinal cancer 
resection surgeries.

We hypothesized that all patients posted for elective gas-
trointestinal cancer surgeries who followed ASA fasting 
guidelines and enrolled under ERAS protocol are having 
“at-risk” stomachs.

 * Reshma Ambulkar 
 rambulkar@hotmail.com

1 Department of Anesthesiology, Critical Care and Pain, Tata 
Memorial Hospital, Homi Bhabha National Institute, 2nd 
Floor Main Building, Dr E Borges Marg, Parel, Mumbai, 
India

2 Department of Anesthesiology & Critical Care, Glenfield 
Hospital, Leicester, UK

Indian Journal of Surgical Oncology (December 2021) 12(4):841 846–

/Published online: 4 October 2021 

http://orcid.org/0000-0002-3353-4303
http://crossmark.crossref.org/dialog/?doi=10.1007/s13193-021-01456-9&domain=pdf


 

1 3

The aim of the study was to assess whether practicing 
both ASA fasting guidelines and ERAS protocol make the 
patients prone to a full stomach, having potential risk for pul-
monary aspiration, and also emphasize on POC ultrasonog-
raphy for identifying such cases, thus reducing morbidity.

Methods

This study was undertaken at a tertiary care cancer insti-
tute between May 2019 and November 2019 after obtain-
ing approval from the Institutional Ethics Committee. The 
trial is registered with the Clinical Trial Registry – India 
(CTRI/2018/11/016479). Inclusion criteria for the study 
were elective gastrointestinal surgeries, age between 18 and 
85 years of both genders. Exclusion criteria were refusal of 
consent, a patient needing rapid sequence induction, preg-
nancy, body mass index (BMI) of < 19 or > 40 kg/m2, and 
large abdominal mass likely to interfere with ultrasound 
imaging.

All patients who were eligible for the study were fasted 
according to ASA fasting guidelines. According to local 
institutional ERAS protocol, 50 g of carbohydrate loading in 
the form of non-carbonated without pulp drink (appy juice; 
total volume: 160 ml; every 100 ml containing 15.8 g car-
bohydrate) was given at night and 2 h prior to the surgery. 
Patients with a history of diabetes mellitus were given only 
water in place of carbohydrate loading.

In the operating room, standard ASA monitors were 
attached and an intravenous line was secured. Patient posted 
for open surgery was planned for epidural insertion in lateral 
position for intraoperative and postoperative pain manage-
ment followed by general anesthesia. Patients posted for 
laparoscopic surgery were planned for general anesthesia 
without an epidural.

All of the gastric ultrasounds were performed prior to 
induction of anesthesia by a single consultant intensivist 
accredited and experienced (10 years) in advanced critical 
care ultrasonography. The first ten scans were pilot studies 
and were cross-checked by a consultant radiologist to ensure 
accuracy with future scans.

Our site of assessment was gastric antrum in the supine 
position. It is found superficially between the left lobe of 
the liver anteriorly and the pancreas posteriorly in a sagittal 
or para-sagittal scanning plane in the epigastrium. Impor-
tant vascular landmarks, including both the aorta or inferior 
vena cava (IVC) and either the superior mesenteric artery 
or vein, can be used to standardize a scanning plane through 
the antrum (Fig. 1). A standard curvilinear ultrasound probe 
(2–5 MHz) with Sonosite M-Turbo ©system was used to 
obtain the images. Gastric residual volume (GRV) was 
derived from a cross-sectional area (CSA) using the Perlas 
and colleagues model. Quantitative assessment of GRV is 

done by measurement of CSA based on the previous study 
which assumes the antrum to be an elliptical structure, hence 
requiring measurement of two perpendicular diameters, i.e., 
anteroposterior (AP) and craniocaudal (CC).

Formula of GRV (ml): 27.0 + 14.6 × right lateral 
CSA(cm2) − 1.28 × age (year).

Despite some controversies, the most accepted upper 
limit of normal residual gastric secretion in the electively 
fasted adult is 1.5 ml/kg of actual body weight.

Based on GRV, the patients were divided into two groups, 
those with GRV < 1.5 ml/kg consistent with baseline gas-
tric secretions and at low risk of pulmonary aspiration. 
GRV > 1.5 ml/kg in the setting of electively fasted patients 
is likely to represent delayed gastric emptying and hence 
would be at higher risk of pulmonary aspiration [5].

After performing gastric ultrasound, anesthesia was 
induced with injection of fentanyl 2 mcg/kg, injection of 
propofol 2 mg/kg, and injection of vecuronium 0.1 mg/
kg and the trachea was intubated with an appropriate size-
cuffed endotracheal tube. Anesthesia was maintained on 
sevoflurane in oxygen and nitrous oxide. The intermittent 
bolus of muscle relaxant and epidural infusion on 0.1% lev-
obupivacaine and 2 mcg/ml fentanyl was given as needed.

On the basis of published literature, we identified and 
selected six risk factors for gastroparesis and these risk fac-
tors were studied for GRV and risk of aspiration [6–13]:

1. diabetes mellitus for > 10 years,
2. diagnosed case of duodenal ulcer,
3. post-pylorus preserving pancreaticoduodenectomy sur-

gery < 6 months,
4. hypothyroid for > 4 months,
5. diagnosed case of parkinsonism or receiving drugs such 

as tapentadol or oxycodone, morphine and tricyclic anti-
depressants such as amitryptiline

CSA = (AP × CC × �)∕4

Fig. 1  Ultrasonographic measurement of gastric residual volume
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Statistical analysis was done using the SPSS version 22 
(SPSS Inc., Chicago, IL©). The demographic variables (i.e., 
age, sex, weight, height, and body mass index) were ana-
lyzed using descriptive analysis. Categorical data was pre-
sented as counts and percentages. Correlation between gas-
tric volume and risk factors of gastroparesis was compared 
using Chi-square test, Fisher’s exact test, or Mann–Whitney 
U formula as appropriate. Statistical significance was con-
sidered when p < 0.05 (Table 1).

Results

We planned to enroll 200 patients posted for major gas-
trointestinal cancer surgeries. A total of 140 patients were 
screened for eligibility and enrolled in the study. Out of 140 
patients, 38 were excluded due to unavailability of machine, 

operator, or rescheduling of surgery (Fig. 2). An interim 
analysis was conducted on 102 patients, and it was observed 
that the confidence interval was 96% with (0.8%) when the 
sample proportion incidence of GRV > 1.5 ml/kg is 4%. 
Thus, further study and analysis of a sample size of 200 
patients was unwarranted as it would not have a significant 
impact on the result.

Of 102 patients, 57 were male and 45 were 
female; the mean age of the study population was 
50.65 years ± 13.35 years. The mean BMI of the study popu-
lation was 22.23 kg/m2 ± 3.7 kg/m2.

Among 102 patients, four patients (3.92%) had gastric 
volume > 1.5 ml/kg. Of these, three were female and one 
was male. Patients were either ASA class I or II; none of 
the patients with GRV > 1.5 ml/kg fell in ASA category III 
and above. One patient out of these four had a risk factor 
for delayed gastric emptying (diabetes mellitus). We did 

Table 1  Demographic details 
and outcomes in all patients

ASA, American Society of Anesthesiologist; BMI, body mass index; GRV, gastric residual volume

Variable Level GRV <  = 1.5 ml/
kg (n = 98)

GRV > 1.5 ml/
kg (n = 4)

Total (n = 102) p-value

Sex Female 42 (42.9) 3 (75.0) 45 (44.1)
Male 56 (57.1) 1 (25.0) 57 (55.9) 0.32

BMI Mean (SD) 22.2 (3.7) 22 (3.8) 22.2 (3.7) 0.90
ASA 1 51 (52.0) 3 (75.0) 54 (52.9) 0.65

2 42 (42.9) 1 (25.0) 43 (42.2)
3 5 (5.1) 0 (0.0) 5 (4.9)

Diabetes mellitus > 10 years No 90 (91.8) 4 (100.0) 94 (92.2) 1.00
Yes 8 (8.2) 0 (0.0) 8 (7.8)

Hypothyroidism > 4 months No 93 (94.9) 4 (100.0) 97 (95.1) 1.00
Yes 5 (5.1) 0 (0.0) 5 (4.9)

Morhpine No 97 (99.0) 4 (100.0) 101 (99.0) 1.00
Yes 1 (1.0) 0 (0.0) 1 (1.0)

Fig. 2  Consort flowchart
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not observe any case of pulmonary aspiration in any of our 
patients. The mean age of patients with GRV > 1.5 ml/kg 
was 35 years ± 14 years, and this was statistically significant 
(p < 0.034).

No statistically significant association was found between 
GRV and sex, BMI, or ASA status of the patient in our study.

Eight patients were identified to have diabetes mellitus 
of long duration (> 10 years), and one had GRV > 1.5 ml/
kg. No statistical association was found between GRV and 
patients with long-standing diabetes mellitus (p = 1.000).

Among the other risk factors, five patients with hypo-
thyroidism were identified in the study population. None 
of them had a GRV of > 1.5  ml/kg, and no association 
was found between hypothyroidism and increased GRV 
(p = 1.000).

One patient had a history of chronic use of morphine with 
GRV < 1.5 ml/kg. None of the other identified risk factors 
were found in the study population.

Discussion

In our study, we observed that 4 patients had gastric vol-
ume > 1.5 ml/kg. One of them had a risk factor for delayed 
gastric emptying (diabetes mellitus) with a primary diagno-
sis of carcinoma stomach. The rest of the three patients had 
a primary diagnosis of carcinoma pancreas and rectum with 
no associated comorbidities. This estimates the incidence 
of “at-risk” fasted stomach to be 3.92% in elective surgical 
patients. Our results are similar to previous studies which 
estimate the risk to be 4.5% in electively fasted patients [4]. 
This result is reassuring given that our cohort of patients was 
allowed liberal intake of fluids with carbohydrate loading 
preoperatively. Additionally, all of our patients had tumors 
of the gastrointestinal tract who were allowed liberal fluid 
intake up to 2 h prior to surgery. Given the low incidence of 
GRV > 1.5 ml/kg in this group, it can be safely said that pri-
mary cancers of the GI tract do not delay gastric emptying. 
A study done by Sakai et al. in 2006 reported a similar find-
ing with a low incidence (1:4580) of aspiration in patients 
anesthetized for primary GI pathology [14]. Aspiration 
pneumonia reported by Mendelson for more than 70 years 
continues to be a major cause of morbidity and mortality 
associated with anesthesia. Warner et al. conducted one of 
the first large-scale retrospective studies to assess the inci-
dence of aspiration associated with anesthesia in 1993. They 
reported an overall incidence of aspiration to be 1 in 3216; 
however, in emergency cases, this rose to 1 in 895. In addi-
tion to causing significant morbidity from respiratory failure, 
acute lung injury, and multi-organ failure, the associated 
mortality is about 20% [15].

An important risk factor for aspiration is gastric volume, 
determined in large part by gastric emptying. In patients 

with anticipated delayed gastric emptying times, it may 
not be possible to rely on preoperative fasting guidelines to 
avoid aspiration.

Ultrasound has progressively emerged as a useful replace-
ment because it is cheap and can be performed at the bed-
side. Point-of-care ultrasound (POCUS) is being increas-
ingly used to qualify and quantify gastric residual volume 
in various perioperative settings. In the case of gastric 
ultrasound, this is typically a dichotomous question. Is the 
patient’s stomach “empty” or “full”? Gastric ultrasound has 
been studied in pregnant and non-pregnant adults, severely 
obese subjects, elective and non-elective situations, and 
pediatric patients [2]. Several recent editorials in major 
anesthesiology journals have called for greater adoption and 
teaching of gastric POCUS in anesthesia practice [16–18]. 
Benhamou suggested that this skill should be part of the 
basic armamentarium of anesthesiologists for daily prac-
tice [16]. Meineri et al. reported a POCUS curriculum for 
anesthesiologists that includes gastric ultrasound along with 
other more established applications such as lung and cardiac 
assessment [17].

Current understanding accepts 1.5 ml/kg (actual body 
weight) as the upper limit of normal for gastric secretion 
or clear fluid content. This value would approximate to 
100–130 ml in the average adult and correlates with the 95th 
centile for fasted elective surgical (obstetric or non-obstetric) 
patients. Therefore, in the presence of antral fluid, a volume 
of more than 1.5 ml/kg is considered as the critical volume 
threshold of gastric fluid that by itself increases the risk of 
aspiration [2].

Geriatric patients may be considered at higher risk of 
regurgitation of gastric content due to a decrease in gastric 
motility and also increase in chances of hiatal hernia and gas-
troesophageal reflux. In our study, we found no association 
between the increase in gastric residual volume and increase 
in age as the mean age of patients with GRV > 1.5 ml/kg was 
35 ± 14.30. A similar result was observed in some studies 
where they found that as age increases, the gastric volume 
decreases. One possible explanation for this could be the 
decrease in gastric secretion by 50% with advancing age. 
Also, it was observed that the gastric wall is more compliant 
in older than younger patients [19]. However, Kaydu and 
Gokcek did a preoperative assessment of ultrasonographic 
measurement of antral area for gastric content. They found a 
weak correlation between age and antral cross-sectional area 
(p < 0.05). As the age increases, the antral area of gastric 
content increases [20].

Obese patients are considered more likely to possess 
high volume and low pH (HVLP) gastric contents even 
after standard preoperative fasting. Out of 102 patients, 
4 patients had a BMI of > 30 kg/m2 but the gastric vol-
ume was observed to be < 1.5 ml/kg in all of them. A 
study conducted by Harter et al. [21] assessed the pH and 
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volume of gastric content between obese and lean patients. 
They found that obesity is associated with a significantly 
decreased risk of HVLP gastric contents among surgical 
patients with no history of gastroesophageal pathology 
after a normal interval of preoperative fasting. However, 
many studies have shown a positive correlation between 
BMI and antral cross-sectional area, thus implying that 
patients with higher BMI were 1.07 times more at risk for 
aspiration [22].

Diabetes mellitus is one of the risk factors for delayed 
gastric emptying. In our study group, eight patients had dia-
betes mellitus for > 10 years. But the gastric volume was 
observed to be < 1.5 ml/kg in all of them. Some studies also 
found no association between gastric volume and diabetes 
[22, 23]. However, Sabry et al. [24] observed that the antral 
cross-section and predicted gastric volume was higher in 
diabetic patients as compared to non-diabetic patients in 
semi-sitting and also in right lateral position and a positive 
correlation was observed between aspirated volume from 
the nasogastric tube and antral cross-sectional area in both 
supine and right lateral position.

A reduction in motor activity of the stomach, small intes-
tine, and colon has been reported in hypothyroid patients, 
causing a significant reduction in gastric emptying. There 
were five patients among our total study group who were 
hypothyroid for more than 4 months, and GRV was observed 
to < 1.5 ml/kg. Although a study conducted by Yaylali et al. 
determined that there was delayed esophageal emptying and 
the esophageal transit time was extended (50.5 s) in a hypo-
thyroid patient [9].

Kaufman et al. analyzed the role of opiate receptors in the 
regulation of colonic transit. It was observed that morphine 
caused slower filling at 2 h, with increased retention at 44 h 
as compared with saline [12]. In our study, one patient had 
a history of chronic use of morphine with a gastric volume 
of < 1.5 ml/kg. The number of patients on chronic opioid 
medicines in our sample size is insufficient to make a sta-
tistical inference.

Other risk factors for delayed gastric emptying are duode-
nal ulcer, post-pylorus preserving pancreaticoduodenectomy, 
Parkinson’s disease, and patient on drugs such as tapentadol, 
oxycodone, and amitriptyline. Many reports have deter-
mined a positive correlation between the above-mentioned 
risk factors and delayed gastric emptying [7, 8, 10, 11, 13].

There were some limitations in this study. We did not 
measure the CSA in the right lateral position which is most 
sensitive for picking up gastric volume. Further research is 
required in larger groups or groups with specific risk factors 
to determine any significant association with gastric residual 
volume. The current fasting guidelines are adequate for elec-
tive surgeries, but the group with risk factors for gastropare-
sis needs to be studied to find a significant association with 
increased gastric residual volume.

Conclusion

Ultrasound assessment of preoperative gastric volume is an 
effective screening tool in patients and can become a stand-
ard of care, especially in patients prone to gastroparesis, 
as it would certainly help to determine individual risk and 
subsequent prophylactic strategy. Even though for elective 
surgeries the current fasting guidelines are adequate, these 
findings cannot be extrapolated to patients with risk factors 
for high gastric residual volume where further studies need 
to be performed.
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