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Abstract 

Background:  Although restricting food intake during labor is recommended by guidelines, intrapartum starva‑
tion has not been popular in some regions. We conducted this comparative cross-sectional study to determine the 
prevalence of risk stomach in non-fasted laboring women compared with fasted non-laboring women using gastric 
ultrasound.

Methods:  Ultrasound examination of the antrum was performed in 50 term fasted non-laboring women before elec‑
tive cesarean delivery and 50 laboring women allowed to eat and drink during active labor. Examinations consisted 
of the qualitative (antral grades, 0–3) and quantitative evaluation (antral cross-sectional area and calculated gastric 
volume) in the supine and right lateral decubitus (RLD) position. A risk stomach was defined as an antral grade ≥ 2 or 
grade 1 with gastric volume ≥ 1.5 ml· kg− 1.

Results:  No non-laboring women had grade ≥ 2, while 34 (68%) laboring women had grade ≥ 2. Nine (18%) non-
laboring and 40 (80%) laboring women presented risk stomach (P < 0.001) (risk ratio: 4.4, 95% CI 2.4–8.2). Compared 
with non-laboring women, laboring women had larger antral area at “empty” stomach (grade 0) (437 mm2 vs.350 mm2 
in supine, 571 mm2 vs.480 mm2 in RLD, P < 0.05) and cut-off values of antral area to discriminate a risk stomach 
(510 mm2 vs. 453 mm2 in supine, 670 mm2 vs. 605 mm2 in RLD).

Conclusions:  This study confirms a higher prevalence of risk stomach presents in laboring women under a lib‑
eral eating policy, gastric ultrasound is therefore useful for this risk population if general anesthesia is required 
unexpectedly.
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Background
Although regional anesthesia is preferentially used for 
most obstetric procedures in obstetric anesthetic prac-
tice, [1] there are still some situations in which general 
anesthesia may be necessary, especially in case of emer-
gency cesarean delivery during labor. To reduce the 
risk of pulmonary aspiration, guidelines recommend a 

restriction of oral intake to clear liquids during labor for 
low risk patients, with further restriction for those at 
increased risk for aspiration [1, 2]. Nevertheless, restrict-
ing food intake during labor is controversial [3–5]. More-
over, oral intake management measures during labor vary 
depending on different cultures and regions. In china, 
for example, childbirth is traditionally considered as a 
process in which the mother continuously consumes 
energy, and supplementing food is beneficial. Therefore, 
a relatively liberal oral intake policy on the labor ward is 
adopted in about 77% hospitals in China, [6] which may 
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significantly increase the risk of aspiration when general 
anesthesia is required unexpectedly.

Gastric ultrasound is a valuable tool for the assessment 
of gastric contents and volume in obstetric anesthesia, 
[7] including non-laboring [8–14] and laboring women 
[15–19]. However, most studies on laboring women have 
been studied in those completely fasted or only allowed 
to drink clear liquids. There is insufficient information 
regarding the impact of such a liberal eating policy on the 
gastric contents in laboring women. Thus, we conducted 
this comparative cross-sectional study to determine the 
prevalence of risk stomach in term non-fasted laboring 
women compared with fasted non-laboring women using 
ultrasound examination of the antrum. In addition, we 
also estimated the ability of antral cross-sectional area 
(CSA) to identify a risk stomach in this setting.

Methods
This comparative cross-sectional study was approved 
by the local ethics committee at Jiaxing Maternity and 
Children Health Care Hospital (approval # 2020-F-1) 
and registered with the Chinese Clinical Trial Registry 
(http://​www.​chictr.​org.​cn/​showp​roj.​aspx?​proj=​53653) 
(ChiCT2000033900). The date of registration approval 
was on 16 June 2020, and the study was conducted 
from 1 July to 23 October 2020. Written informed con-
sent was obtained from all enrolled subjects. The study 
was designed and conducted in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines [20].

Non-laboring cohort consisted of women scheduled 
for elective cesarean delivery under neuraxial anesthesia, 
while laboring cohort was those for vaginal delivery in 
active labor (from cervical dilation ≥3 cm until full cer-
vical dilatation) with or without epidural analgesia. The 
inclusion criteria were age ≥ 18 years, term (> 37 weeks’ 
gestation), a singleton fetus with cephalic presentation, 
and ASA physical status I to II. Exclusion criteria were 
multiple gestations, body mass index (BMI) ≥35 kg·m− 2, 
a history of gastric or oesophageal disease or surgery, 
gastroesophageal reflux disease, diabetes mellitus and 
refusal to participate in the study. Non-laboring women 
followed institutional fasting guideline (a minimum 
of 2 h for clear liquids, 6 h for a light meal, and 8 h for a 
full meal). No premedication was given before cesarean 
delivery. Laboring women were allowed to eat easily 
digestible foods and drink liquids as they wish through-
out the course of labor.

Women were consecutively recruited during the study 
period according to the ultrasound operator availabil-
ity who had experience of at least 50 gastric ultrasound 
examinations in pregnant women. Ultrasound exami-
nation was performed immediately prior to neuraxial 

anesthesia in operation room, or at varying times in 
active labor regardless of oral intake in labor ward. A 
standardized scanning technique was used with a port-
able ultrasound system and a 2–5 MHz curved array 
transducer (Navi ultrasound system, Shenzhen Wisonic 
Medical Technology Co., Ltd., Shenzhen, China). The 
gastric antrum was imaged in a sagittal plane in the epi-
gastrium between the left lobe of the liver and the aorta. 
A detailed description of the technique and ultrasound 
characteristics of antrum contents has been previously 
described in the literatures [7, 21–23]. Women were first 
scanned in the supine position, followed by the right 
lateral decubitus (RLD) position, both with the head 
of the bed elevated to 45°. Examinations consisted of a 
qualitative and quantitative evaluation. The qualitative 
assessment determined the nature of gastric contents, 
including empty (flat antrum with juxtaposed anterior 
and posterior walls), fluid (distended antrum with thin 
walls and hypoechoic content) or thick fluid/solid food 
(distended antrum with content of mixed echogenicity). 
Based on the qualitative findings, women were classi-
fied into grade 0 (no content visible in either position), 
grade 1 (clear fluid content visible in RLD position only) 
and grade 2 (clear fluid content visible in both positions), 
according to the Perlas grading system [23]. For the pre-
sent study, we further defined an additional grade 3 as the 
visualization of thick fluid/solid content in the antrum, 
whatever the position [16].

The quantitative assessment measured the CSA of 
the entire antral wall between peristaltic contractions, 
using the free-tracing caliper of the ultrasound sys-
tem. The average of three consecutive measurements in 
each position was calculated for gastric volume estima-
tion, according to the following mathematical formula 
validated in the late pregnant women using magnetic 
resonance imaging (MRI) as a reference standard, with 
adjusted R2 = 0.76: gastric volume (ml) = 0.18× supine-
CSA (mm2) + 0.11 × RLD-CSA (mm2) − 62.4 [12]. This 
model applies to any gastric contents, rather to clear flu-
ids only. The gastric volume per weight was calculated 
by using the current body weight. For this study, a risk 
stomach was defined as antral grade ≥ 2, or grade 1 with 
a calculated gastric fluid volume ≥ 1.5 ml· kg− 1, whereas a 
low-risk stomach was defined as grade 0, or grade 1 with 
a calculated gastric volume < 1.5 ml · kg− 1, as suggested in 
the recent literatures [7, 10, 21].

Women characteristics (age, gravity, parity, gestational 
age, weight) and the time intervals between last solid 
and liquid ingestion and ultrasound examination were 
recorded. In laboring women, the presence of epidural 
analgesia, the pain intensity assessed by using a 0–10 
numerical verbal rating scale (0 = no pain and 10 = worst 
pain imaginable) and degree of cervical dilatation at the 
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ultrasound examination were also noted. In addition, 
any failure to visualize the antrum was documented and 
excluded from the analysis.

Statistical analysis
The primary outcome was the incidence of risk stom-
ach in both cohorts. Secondary outcome was the antral 
CSA to discriminate a risk stomach. Continuous vari-
ables were expressed as mean (standard deviation, SD) 
or median (interquartile range). The Shapiro-Wilk test 
was used to test for normal distribution. Variables that 
were normally distributed were analyzed using the inde-
pendent t test, while those not normally distributed were 
analyzed using Mann-Whitney U or Kruskal-Wallis test, 
as appropriate. Categorical variables were expressed as 
number (%) and analyzed using x2 or Fisher exact tests. 
Spearman rank correlation coefficient was estimated to 
determine the relationship between the duration of fast-
ing and antral CSA. To assess the ability of antral CSA 
to identify a risk stomach, a receiver-operating character-
istic (ROC) curve was generated and the area under the 
ROC curve (AUC) with 95% confidence interval (CI) was 
calculated. The cut-off value was determined based on 
the Youden index.

Based on a 9% incidence of risk stomach in fasted non-
laboring pregnant women reported in a previous study, 
[10] and an assumption of at least 50% of non-fasted 

laboring women having risk stomachs, a minimum sam-
ple size of 23 women was required in each cohort to test 
the hypothesis with a significance level of 0.05 and power 
of 0.9. We decided to recruit 50 women in each cohort 
to make sample size more powerful. Data were ana-
lyzed using SPSS version 19.0 for Windows (IBM Corp., 
Armonk, NY, USA). A two-sided P < 0.05 was considered 
as statistically significant.

Results
Sixty-six non-laboring and 69 laboring women were 
assessed for eligibility. Eighteen women were excluded 
due to the exclusion criteria. Another 17 women were 
excluded because of inconclusive ultrasound examina-
tions in one or both positions; of which, 6 occurred in 
non-laboring women, 11 occurred in laboring women. 
This corresponded to a rate of inconclusive examinations 
of 10.7% in non-laboring and 18.0% in laboring women, 
respectively. The 100 remaining women (50 in each 
cohort) were included in the final analysis (Fig.  1). All 
non-laboring women complied with the fasting guideline, 
while the median time interval from the last oral intake 
to ultrasound examination in laboring women was 1.0 h 
(range 0.2 to 5.5 h) for liquids and 3.0 h (range 0.2 to 8.0 h) 
for solids. Forty-five (95%) laboring women received epi-
dural analgesia, the median pain intensity was 3 (range 

Fig. 1  Flow diagram
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1 to 6) and the cervical dilatation was 4 cm (range 3 to 
8 cm) at the ultrasound examination.

Women baseline and ultrasound characteristics are 
summarized in Table  1. The antral CSA and the cor-
responding gastric volumes were significantly larger in 
laboring than in non-laboring women. There was no cor-
relation between the fasting duration and antral CSA in 
non-laboring women; however, the fasting duration for 
solids but not for liquids, was significantly correlated 
to supine-CSA (r = − 0.334, P = 0.018) and RLD-CSA 
(r = − 0.327, P = 0.020) in laboring women. No non-
laboring women had grade 2 or 3; in contrast, 34 (68%) 
laboring women presented grade 2 or 3 (P < 0.001). As 
expected, increased antral grades were associated with 
significantly larger antral CSA and thus greater calcu-
lated gastric volumes. When compared between the two 
cohorts, CSA in both positions for grade 0 were signifi-
cantly larger in laboring than in non-laboring women 
(P < 0.05), but the differences for grade 1 did not reach 
statistical significance (P > 0.05) (Table 2).

There were 9 (18%) risk stomachs in non-laboring 
women and 40 (80%) risk stomachs in laboring women 
(P < 0.001) (risk ratio: 4.4, 95% CI 2.4 to 8.2). Notably, 
one (3%) of 33 non-laboring women with grade 0, while 

2 (25%) of 8 laboring women with grade 0 had a calcu-
lated gastric volume ≥ 1.5 ml· kg− 1. According to the 
definition as described in the Methods, we still scored 
these women as low-risk stomachs. The AUC of CSA to 
discriminate a risk stomach in both cohorts are shown in 
Fig. 2. The RLD-CSA demonstrated a superior discrimi-
natory performance than the supine-CSA. Based on the 
Youden method, the cut-off values of CSA to detect a risk 
stomach in non-laboring women were supine-CSA of 
453 mm2, with a sensitivity (95% CI) of 56% (21 to 86%) 
and a specificity (95% CI) of 85% (71 to 94%), and RLD-
CSA of 605 mm2, with a sensitivity of 100% (66 to 100%) 
and a specificity of 85% (71 to 94%); while in laboring 
women, the cut-off values were supine-CSA of 510 mm2, 
with a sensitivity of 77% (61 to 89%) and a specificity of 
100% (69 to 100%), and RLD-CSA of 670 mm2, with a 
sensitivity of 92% (80 to 98%) and a specificity of 100% 
(69 to 100%).

Discussion
Although gastric ultrasound has been studied in labor-
ing women, [15–19] the present study differs from pre-
vious studies in terms of the studied subjects (allowed 
to eat and drink freely during labor) and study design 

Table 1  Baseline and ultrasound characteristics in non-laboring and laboring women

Values are expressed as mean (standard deviation), numbers (percentages %) or median [interquartile range]

Abbreviation: BMI body mass index, CSA antral cross-sectional area, RLD right lateral decubitus

Fasted non-laboring (N = 50) Non-fasted laboring (N = 50) P-value

Age (years) 30.0(3.7) 28.7(2.9) 0.060

BMI (kg·m−2) 26.1(3.1) 26.0(2.7) 0.883

Gestational age (weeks) 38.6(0.8) 39.0(1.3) 0.067

Gravidity, n (%) < 0.001

  1 9 (18) 13 (74)

  2 19 (38) 9 (18)

  ≥3 22 (44) 10 (20)

Parity, n (%) < 0.001

  0 13 (26) 37 (74)

  1 29 (58) 12 (24)

  ≥2 8 (16) 1 (2)

Fasting for solids (hours) 13.0 [11.7–15.0] 3.0 [0.8–4.0] < 0.001

Fasting for liquids (hours) 11.5 [9.9–13.0] 1.0 [0.5–2.0] < 0.001

Supine-CSA (mm2) 358 [328–437] 565 [450–843] < 0.001

RLD-CSA (mm2) 557[462–646] 890 [661–1235] < 0.001

Gastric volume (ml) 77.3 [59.5–98.6] 164.2 [108.9–251.1] < 0.001

Gastric volume (ml· kg−1) 1.2 [0.9–1.5] 2.4 [1.6–3.6] < 0.001

Antral grade, n (%) < 0.001

  Grade 0 33 (66) 8 (16)

  Grade 1 17 (34) 8 (16)

  Grade 2 0 7 (14)

  Grade 3 0 27 (54)
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(compared to fasted non-laboring women in one study). 
Our results confirm the impression that a higher inci-
dence (80%) of risk stomach present in non-fasted 
laboring women. In addition, our study adds additional 
information to previous studies, i.e., laboring women 
have larger antral CSA at “empty” stomach and higher 
cut-off value of CSA to discriminate a risk stomach com-
pared with non-laboring women.

Gastric ultrasound is a useful tool to assess gastric con-
tents and volume at the bedside. In addition to the quali-
tative assessment, [23] several different algorithms have 
been proposed to predict gastric volume based on antral 
CSA in adult, non-pregnant subjects [23–25]. However, 
the potential changes in both the size and position of the 
antrum due to the gravid uterus at late pregnancy may 
alter the relationship between the antral CSA and gas-
tric volume [14]. Recently two mathematical models for 
antral CSA have been described in pregnant women to 
predict gastric volumes [9, 12]. In the present study, we 
adopted the mathematical formula developed by Rouk-
homovsky et al. [12] mainly because this model used MRI 
rather than the ingested volume of fluid as a reference 
standard, and more importantly, it applied to any gastric 
contents rather to clear fluids only.

Although the definition of a full stomach that increases 
aspiration risk is somewhat controversial, recent litera-
tures recommend that a full stomach may be defined as 
any solid or thick particulate content or grade 2, or grade 
1 with gastric volume of ≥1.5 ml· kg− 1 under ultrasound 
examination [7, 10, 21]. Based on this criterion, the 
incidence (80%) of risk stomach in non-fasted laboring 
women in this study was significantly higher than the 

laboring women allowed to drink only in other studies 
(27 and 48%, respectively) [18, 19]. Moreover, the fasting 
time for solids, but not for liquids, was significantly asso-
ciated with the antral CSA, suggesting that solid foods 
have a major contribution of risk stomach during labor. 
However, it should be noted that, despite the ultrasound 
showing “empty” stomach image (grade 0), one non-
laboring woman and 2 laboring women have a predicted 
gastric volume exceeded 1.5 ml· kg− 1. Although we clas-
sified these women as low-risk stomachs, the interpre-
tation of these women is difficult and controversial. As 
gastric ultrasound is likely most valuable when the pre-
test probability of having a full stomach is in the order of 
50%, [7] it can be therefore very useful to assess the risk 
of aspiration using bedside ultrasound in this population 
if emergent general anesthesia is required.

The qualitative finding of our fasted non-laboring 
women is similar to those previous studies, where the 
fasted women before elective cesarean delivery mostly 
had grade 0 or 1 antrum with no solid content visual-
ized [8, 9, 11]. As regards the quantitative results, our 
results were close to those reported by Arzola et  al. 
(Supine-CSA of 3.8 cm2 and RLD-CSA of 5.2 cm2), 
[9] but were higher than the values reported by other 
authors [10, 12]. However, Roukhomovsky et  al. [12] 
performed ultrasound assessment on the pregnant 
women around 31 weeks, as opposed to the term 
women in our study; Putte et  al. [10] stated merely 
that “the right lateral decubitus position”, not explicitly 
mentioned whether the head was high 45°. Also, vari-
ous cut-off values of CSA to discriminate between “full” 
and “empty” stomach have been shown across different 

Table 2  Antral cross-sectional area, gastric volume and fasting duration according - the antral grades in non-laboring and laboring 
women

Values are expressed as median [interquartile range]

Abbreviation: CSA antral cross-sectional area, RLD right lateral decubitus
*  Compared - non-laboring women with grade 0, P < 0.05

Fasted non-laboring Non-fasted laboring

Grade 0 (N = 33) Grade 1(N = 17) P-value Grade 0 (N = 8) Grade 1(N = 8) Grade 2 (N = 7) Grade 3 (N = 27) P-value

Supine-CSA (mm2) 350
[307–407]

395
[349–472]

0.061 437
[386–494]*

446
[435–496]

841
[561–1542]

722
[555–930]

< 0.001

RLD-CSA (mm2) 480
[435–567]

653
[591–882]

< 0.001 571
[528–622] *

741
[620–820]

1110
[917–2200]

1113
[790–1355]

< 0.001

Gastric volume (ml) 67.9
[50.9–78.4)]

102.4
[82.2–146.3]

< 0.001 85.3
[65.6–104.7]*

123.3
[98.0–136.2]

216.8
[170.0–505.2]

206.1
[160.2–289.0]

< 0.001

Gastric volume (ml· 
kg−1)

1.0
[0.8–1.2]

1.6
[1.2–2.1]

< 0.001 1.3
[1.0–1.5] *

1.8
[1.3–2.1]

3.1
[2.4–8.0]

3.0
[2.3–4.3]

< 0.001

Fasting for solids 
(hours)

13.0
[12.0–14.5]

12.0
[10.5–15.0]

0.725 3.5
[1.9–5.1]

3.5
[1.1–4.8]

1.5
[0.7–4.0]

2.5
[0.5–3.5]

0.385

Fasting for liquids 
(hours)

12.0
[10.0–13.0]

11.0
[8.3–12.5]

0.680 1.0
[0.5–1.8]

1.0
[0.5–3.8]

0.7
[0.5–2.0]

1.0
[0.5–2.0]

0.886
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studies, with supine-CSA ranging from 320 to 505 mm2 
[12, 15] and RLD-CSA from 870 to 1030 mm2 [8–10] 
in non-laboring women. In laboring women, the cut-
off values of supine-CSA of 608 mm2 and RLD-CSA of 
719 mm2 were proposed in one study [17]; conversely, 
a cut-off value of supine-CSA of 381 mm2 was reported 
in another study [16]. Different gastric volume estima-
tion (mathematical models or ingested fluid volume), 
diagnostic criteria of a “full” stomach (combination of 
the qualitative and quantitative assessments or only 
gastric volume ≥ 0.8 or 1.5 ml· kg− 1), and the method 
for the calculation of cut-off value (ROC or the 95th 
percentile) may explain in part the disparity. In addi-
tion, as expected, the CSA in supine revealed a better 
discriminatory performance in both cohorts than the 
CSA in RLD position. This is consistent with the find-
ings of previous studies that reported a more accurate 
assessment of gastric volume in the right lateral decub-
itus position, given that a greater proportion of the gas-
tric content is displaced towards the more dependent 
antrum in this position compared to the supine posi-
tion [22, 26].

We note that laboring women had larger antral CSA 
for grade 0 and higher cut-off value for identification of 
a risk stomach compared to non-laboring women. The 
exact reason for this difference is not clear, but it may 
be related to some factors during labor such as uterine 
contractions, pain, analgesia and hormonal changes, 
etc., that may affect the antral size, position and motility. 

Further studies of comparing laboring to non-laboring 
women are required to validate and clarify this finding. 
Our study also confirms that gastric ultrasound can be 
more difficult to perform on laboring than non-laboring 
pregnant women, [17, 19] as evidenced by the rate of 
inconclusive examinations. In addition to cephalad dis-
placement of the stomach and the steep angle between 
the xiphoid process and abdomen, uterine contractions 
and particularly the presence of air after solid food inges-
tion can pose additional challenges to ultrasound visuali-
zation during labor.

Our study has several limitations. First, due to the 
relatively small sample, our results may not be accurate 
enough and should be considered with caution. Second, 
the gastric volume was estimated by using a mathemati-
cal model derived from non-laboring pregnant women 
rather than by assessing the actual gastric volume. This 
may impair the reliability of our results. However, the 
direct measurement of gastric volume was not feasible 
in this study. Third, due to the study design, the oper-
ator-blinded was actually not possible. Fourth, we did 
not record the type of the foods and liquids ingested 
and cannot comment on the impact of food type on the 
gastric contents. Finally, we did not include a cohort in 
which the laboring women were allowed to drink clear 
liquids only. Therefore, we cannot compare the laboring 
women under a liberal food intake to those under a less-
restrictive oral intake in one study.

Fig. 2  Receiver operating characteristic curves of antral cross-sectional area to discriminate a risk stomach in fasted non-laboring (a) and 
non-fasted laboring women (b). P < 0.05 for each curve. Abbreviation: RLD right lateral decubitus, AUC​ area under the receiver operating 
characteristic curve, CI confidence interval
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Conclusion
Our study confirms a higher prevalence of risk stomach 
in laboring women under a liberal oral intake policy. 
Gastric ultrasound is therefore useful in this popula-
tion if general anesthesia is required. Our findings 
also imply the potential differences in gastric ultra-
sound appearances between laboring and non-labor-
ing women. Further studies are required to clarify the 
potential changes regarding the ultrasound characteris-
tics of the antrum in laboring women.
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