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Abstract

Background: In all acutely ill patients, adequate nutrition is essential
to restore physiologic homeostasis and improve outcomes. Whenever
feasible, the enteral route is preferred. In various settings, post-py-
loric (nasoduodenal (ND) or nasojejunal (NJ)) feeds may be preferred
not only to accelerate attainment of goal feeding volumes, but also to
limit gastric volumes in order to decrease the potential risk of aspi-
ration. The current study uses point-of-care ultrasound (POCUS) to
evaluate gastric volume and content during enteral feedings in pedi-
atric-aged patients receiving mechanical ventilation in the pediatric
intensive care unit (ICU).

Methods: Gastric POCUS was performed to evaluate gastric contents
in pediatric ICU patients, aged 0—18 years, receiving either gastric or
post-pyloric enteral feedings at > 50% goal. The patients were en-
dotracheally intubated and receiving mechanical ventilation.

Results: The study cohort included 45 patients, 29 receiving nasogas-
tric (NG) feeds and 16 receiving NJ feeds. The majority of patients
(81%) receiving post-pyloric feeds had gastric volumes < 0.4 mL/kg
and none had volumes > 2 mL/kg while more than half of NG-fed pa-
tients (53%) had gastric volumes > 2 mL/kg. Only three of 18 patients
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(18.8%) receiving NJ feeds had a gastric volume greater than 0.4 mL/
kg. When grading the aspiration risk, there was a higher aspiration risk
with NG feeds compared to NJ feeds (33/39 versus 0/18, P <0.001).

Conclusion: Gastric volumes and hence the potential aspiration risk
is decreased in patients receiving post-pyloric compared to NG feeds.

Keywords: Point-of-care ultrasound; Enteral feedings; Aspiration;
Ultrasonography

Introduction

Enteral nutrition support is essential in both medical and sur-
gical patients cared for in pediatric and adult intensive care
units (ICUs) [1-5]. Upon admission to an ICU, up to 30% of
patients are considered malnourished and that percentage can
increase to 60% during an ICU stay due to increased metabolic
demands and decreased delivery of nutrition. Enteral nutrition
is routinely recommended over parenteral nutrition whenever
feasible as enteral nutrition maintains gut integrity, improves
immune function, decreases infection risk, and is associated
with an overall lower cost. When enteral nutrition is chosen,
either nasogastric (NG) or post-pyloric (nasoduodenal (ND)
or nasojejunal (NJ)) routes for enteral nutrition can be used.

Post-pyloric placement of a feeding tube is thought to al-
low for enteral feeds to be started in patients where aspiration
risk is high (e.g., patients in respiratory failure on non-inva-
sive ventilation) or in patients with neurocognitive delays and
subsequent aspiration risks due to impaired gastric emptying.
Despite this, our clinical experience suggests that many ICU
patients may have NJ feedings interrupted or withheld for pro-
cedures for the same amount of time as those that are receiving
NG feeds as there are limited clinical data evaluating gastric
volumes during NJ feeding regimens.

Point-of-care ultrasonography (POCUS) has been recog-
nized as a useful tool to evaluate the gastric contents and vol-
ume in various clinical settings [6-9]. In the perioperative set-
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ting, gastric POCUS and the evaluation of gastric contents may
identify which patients are at risk for aspiration and therefore
guide anesthetic induction or airway management technique
such as a rapid sequence intubation (RSI). Additionally, proof
that the gastric volumes are minimal using POCUS may allow
continuation of post-pyloric feeds during procedures or planned
liberation from mechanical ventilation, thereby limiting nil per
os (NPO) times and improving total nutritional intake.

Despite the theoretical assumption that gastric volumes
may be less with post-pyloric versus NG feeds, there are no
previous studies using POCUS to assess gastric volumes dur-
ing enteral feeding in infants and children in the ICU setting.
The current study uses gastric POCUS to compare gastric vol-
ume/contents and hence the potential for aspiration in pedi-
atric-aged patients receiving either NG or post-pyloric feeds
during mechanical ventilation in the pediatric ICU. Our hy-
pothesis was that gastric residual volumes would be minimal
in patients receiving post-pyloric enteral feeds.

Materials and Methods

This prospective study was approved by the Institution-
al Review Board (IRB) of Nationwide Children’s Hospi-
tal (STUDY00001377) and registered at clinicaltrials.gov
(NCT04612348). This study was conducted in compliance
with the ethical standards of our IRB on human subjects as
well as with the Helsinki Declaration.

The study population included pediatric ICU patients,
aged 0-18 years, who were endotracheally intubated and re-
ceiving mechanical ventilation for less than 14 days. The pa-
tients were receiving feeds at > 50% goal. Following informed
written consent from a parent or guardian, gastric ultrasound
was performed on the eligible patient. Data collected included
demographic data (age, gender, weight, height), type of feed-
ing (NG or post-pyloric or NJ), rate of feeding (calculated as
percent of goal volume), pediatric risk of mortality (PRISM)
score, and comorbid conditions. Exclusion criteria included
patients that could not be moved, those with significant gastro-
intestinal conditions affecting motility, and patients intubated
for more than 14 days.

Proper placement of the feeding tube (NG or NJ) was con-
firmed on the morning radiograph. Ultrasound studies were
obtained up to three times on each patient on different days,
based on availability of the authors trained in POCUS. Gastric
ultrasound was performed in the pediatric ICU by an investiga-
tor proficient in diagnostic POCUS. A Sonosite X-Porte (So-
nosite Inc. USA) machine with a low frequency (3-8 MHz)
curvilinear probe was utilized. The ultrasound was performed
with the child lying in the supine position followed by the right
lateral decubitus (RLD) position. In situations where it was
not feasible to place the patient in the right lateral decubitus
position, the patient was placed in a 45° semi-recumbent posi-
tion. The gastric antrum was identified in a sagittal plane be-
tween the left lobe of the liver and the pancreas at the level of
the descending aorta and superior mesenteric artery (Fig. 1)
[10]. Qualitative and quantitative measurements of the gastric
antrum were recorded. The quantitative exam was performed

Figure 1. Gastric ultrasound in a patient receiving post-pyloric feedings
via feeing tube (FT) showing the collapsed antrum (A) with the classic
“bull’s eye appearance,” positioned under the liver (L).

using the cross-sectional area of the gastric antrum. The cross-
sectional area (CSA) of the antrum was measured with a
free-tracing method to follow the outer margin of the antrum
corresponding to the serosal layer. The gastric volume was cal-
culated using the following formula: Gastric volume (mL/kg)
=[-7.8 +0.035 x CSA (mm?) + 0.127 x age (months)]/body
weight (kg)]. The qualitative and quantitative measurements
were performed using a three-point grading scale as described
by Spencer et al [6]. Grade 0 includes no fluid visible in the
gastric antrum; grade 1 includes clear fluid visualized with
volume less than 1.5 mL/kg; and grade 2 includes clear fluid
visualized with a volume > 1.5 mL/kg. A high risk of aspira-
tion was defined as grade 2 or the presence of any solid or
thick liquid on exam.

Data presentation and statistical analysis

Continuous data were presented as a mean + standard devia-
tion or median (interquartile range). Categorical variables were
presented as frequencies and percentages. Age and weight dif-
ferences between the groups were compared using Wilcoxon
rank-sum test while gender differences were compared using
a Fisher’s exact test. Gastric volumes between the two groups
were also compared with a Wilcoxon rank-sum test while the
distributions of gastric volumes among the three volume cat-
egories (mL/kg) were compared with a Fisher’s exact test.
All statistical analyses were performed using Stata version 18
(StataCorp, College Station, TX). Statistical significance was
determined to be a P value < 0.05.

Results

The study cohort included 45 patients, 29 receiving NG feeds
and 16 receiving NJ feeds. The demographic data and patient
characteristics are listed in Table 1. No significant difference
was noted when comparing the NG and NJ groups. A total
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Table 1. Demographic Characteristics of the Study Population

Characteristics Nasogastric Post-pyloric (NJ or ND) Entire cohort
Study population (number and %) 29 (64.4) 16 (35.6) 45 (100)
Age (months)* 4 (2, 16) 12 (4, 122) 6(2,48)
Weight (kg)** 7.6 (5.5,12.9) 10.1 (5.0,37.3) 7.9 (5.0,15.2)
Height (cm) 60 (53, 77) 76.1 (57.5, 129.5) 62 (54,79)
Gender”
Female 7 (24.1) 6 (37.5) 13 (28.9)
Male 22 (75.9) 10 (62.5) 32 (71.1)
PRISM category
Low risk 21(72.4) 8(50.0) 29 (64.4)
Moderate risk 5(17.2) 6 (37.5) 11 (24.4)
Unknown 3(10.3) 2 (12.5) 5(11.1)

Data are presented as the frequency (percentages) and median (interquartile ranges). PRISM category definition: < 10 = low risk; 11 to < 20 = moder-
ate risk; >20 = high risk. *P = 0.155; **P = 0.420; *P = 0.494 when comparing nasogastric to post-pyloric groups. ND: nasoduodenal; NJ: nasojejunal;

PRISM: pediatric risk of mortality.

Table 2. Gastric Volume Stratified Comparing Nasogastric Versus Post-Pyloric Feedings

Post-pyloric (ND or NJ)

Nasogastric (NG)
Gastric volume (mL/kg) 2.1(1.1,4.5)t0 3.7 (4.1)
<0.4 mL/kg 3(94)
> 0.4 to <2 mL/kg 12 (37.5)
>2 mL/kg 17 (53.1)

0(0, 0.1) to 0.2 (0.4)*
13 (81.2)*

3(18.8)

0

The gastric volumes are listed in mL/kg as the median (IQR) and mean (SD) while the distribution based on < 0.4, 0.4-2, and = 2 mL/kg is listed as
the number (percentage). The total number of recorded gastric volumes exceeds the number of patients because some patients underwent more
than one scan. The volume noted was not listed in seven scans in the NG group and two scans in the NJ group. *P < 0.001. ND: nasoduodenal; NJ:

naso-jejunal.

of 39 scans were performed in the 29 patients receiving NG
feeds and 18 scans were performed in the 16 patients receiving
NIJ feeds. The percentage of patients receiving > 50% of goal
feeds at the time of the ultrasound was 89.2% in the NG group
and 77.8% in the NJ groups.

The gastric volume in mL/kg as well as those in three vol-
ume ranges (< 0.4 mL/kg, > 0.4 to <2 mL/kg, and > 2 mL/kg)
are listed in Table 2. The median gastric volume and the dis-
tribution across the three volume ranges differed significantly
between NG- and NJ-fed patients, being greater with NG feeds
(P <0.001). While 81% of NJ patients had gastric volumes <
0.4 mL/kg and none had volumes > 2 mL/kg, more than half of
NG patients (53%) had gastric volumes > 2 mL/kg. Only three
of 18 patients (18.8%) receiving NJ feeds had a gastric volume
greater than 0.4 mL/kg. Additionally, when grading the aspira-
tion risk using the strategy described by Spencer et al [6], there
was a higher aspiration risk with NG feeds compared to NJ
feeds (33/39 versus 0/18, P < 0.001) (Table 3).

Discussion

Pulmonary aspiration of gastric content is a rare but potentially
serious complication during anesthesia and perioperative care,

with a reported incidence in the perioperative period ranging
from 0.02% to 0.1% [11-14]. Although the incidence of aspi-
ration of gastric contents remains low during the perioperative
setting, its consequences can be severe, resulting in the need
for unplanned hospital admission, prolonged hospital stay, the
need for postoperative ICU admission, postoperative respira-
tory support including mechanical ventilation, and even death.

Table 3. Risk of Aspiration Stratified by Location of Feeding

. s Nasogastric Post-pyloric
*
Risk of aspiration (NG) (ND or NJ)
Low risk 6(15.4) 18 (100)
High risk 33 (84.6) 0

Data are presented as frequency (percentage). The total number of
aspiration risk events may exceed the number of patients because
some patients underwent multiple scans. Risk of aspiration according
to Spencer et al [6] based on characteristic and volume of the gastric
contents. *P < 0.001 when comparing risk of aspiration (NG versus
post-pyloric). There were 21 encounters with solid or thick fluid on ul-
trasound. All were NG and all were classified as high risk for aspiration.
Additionally, the gastric volumes were high among these 21 as 10 had
gastric volumes = 2 mL/kg compared to none in the post-pyloric group.
ND: nasoduodenal; NJ: nasojejunal.
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In order to prevent pulmonary aspiration, practitioners follow
standard NPO guidelines that allow sufficient time for gastric
emptying [15, 16]. The risk of aspiration and the impact on
physiologic function is determined by gastric volume, the pH,
and the nature of the gastric contents (liquid, particulate, etc.).
Classical teaching states that the severity of aspiration is most
severe with the aspiration of gastric volumes greater than 0.2—
0.4 mL/kg and/or a pH less than 2.5, while the study of Spen-
cer et al used additional criteria based not only on volume, but
also the appearance of the feeds (liquid versus thickened) [6,
17, 18].

Although most studies have focused on perioperative as-
piration, risk factors, and means to mitigate these risks, the
aspiration of gastric contents is also a concern in critically ill
pediatric patients during ICU care. In the ICU setting, other
factors may impact gastric volumes including lack of NPO
status, feeding routes, and underlying patient factors such as
systemic illnesses, gastrointestinal motility, and altered neuro-
logic function. Current clinical practice in adult and pediatric
populations in the ICU suggests that post-pyloric (NJ) feeding
may reduce the risk of aspiration by bypassing the stomach
and promoting continuous small bowel delivery of nutrition.
Perioperative data have demonstrated the safety and efficacy
of continuing ND feedings during surgery in specific pediat-
ric populations (burn patients) [19]. However, objective data
evaluating gastric volume during NJ feeding, especially in me-
chanically ventilated pediatric ICU patients, have been limited.

A scoping review of 70 studies involving gastric POCUS
in acute and critically ill children was published by Valla et
al in 2022 [20]. The majority of the studies (67%) used gas-
tric POCUS to assess gastric volume and/or contents. None
of these studies compared volumes based on the location of
enteral feedings (NG versus post-pyloric). Other studies from
the review focused on ultrasound assessments for identifica-
tion of foreign body ingestion, NG tube placement, diagno-
sis of hypertrophic pyloric stenosis, and gastric insufflation
during mechanical ventilatory support. The authors further
noted that none of the studies were conducted in critically ill
pediatric patients apart from preterm infants in the neonatal
intensive care.

A subsequent study performed in the ICU setting in chil-
dren compared gastric volumes measured by POCUS and cor-
related those with gastric residual volumes (GRV) noted by
aspiration using an NG tube [21]. GRV measured by aspiration
did not correlate with volumes noted by POCUS and failed to
empty the stomach in 72% of the 64 children. There was no as-
sociation noted between GRV and signs of feeding intolerance
or gastric POCUS-derived volume. The study may remain rel-
evant as it explores POCUS use in the pediatric ICU clinical
setting and supports the feasibility, safety, and potential utility
of gastric ultrasound in children while demonstrating the need
for ICU-specific investigations.

We could find no other studies comparing different feed-
ing routes (gastric vs. post-pyloric) using ultrasound-derived
gastric volumes and aspiration risk assessments. Our study
bridges this gap in the literature as the first study using gastric
POCUS to compare differences in gastric volume and contents
in patients receiving either NG or post-pyloric (ND or NJ)
feedings. Gastric volumes were significantly greater in the NG

group than in the NJ group. More than half of NG-fed patients
(53%) had gastric volumes > 2 mL/kg, whereas none of the
NJ-fed patients exceeded this threshold. The majority of the
NJ-fed patients (81%) had gastric volumes < 0.4 mL/kg, and
none demonstrated sonographic findings consistent with high
aspiration risk, when using the grading system described by
Spencer et al [6]. A high aspiration risk (grade 2 or solid con-
tent present) was identified in 33 of 39 NG-fed patients, but in
none of the NJ-fed patients. These results support the premise
that post-pyloric feeding minimizes gastric volume and may
reduce aspiration risk in critically ill pediatric patients.

We acknowledge specific limitations of the current study.
First, the study cohort was relatively small (n = 45), limiting
statistical power and generalizability. Because there are lim-
ited data quantifying expected gastric volumes in NJ-fed pedi-
atric ICU patients, an evidence-based sample size calculation
was not feasible. Second, although baseline demographic (age,
weight, and gender) as well as PRISM characteristics were not
statistically significant between the two groups, one may con-
sider the differences in demographics and PRISM scores to
be clinically significant. The impact of these differences on
gastric emptying and the results of the study is unknown. The
study protocol included patients who were receiving > 50%
goal feeds. Including only patients at full feeds may also im-
pact the results. However, given recruitment issues and non-
study related problems that impact escalation of enteral feeds,
we did not believe that enrollment would proceed quickly
enough if we included only patients at goal feeds. Likewise,
we included a small number of patients that were not receiv-
ing > 50% of their enteral feeds. Finally, the study popula-
tion included a limited age range, and the results should not
be extrapolated to older adolescents or adult ICU populations
without further study.

In summary, the data from our cohort of 45 patients sug-
gest that gastric volumes and the graded aspiration risk are sig-
nificantly lower in mechanically ventilated pediatric patients
receiving post-pyloric feeds compared with NG feeds. These
findings propose that withholding NJ feeds for tracheal extu-
bation, operative procedures, or radiologic imaging may be un-
necessary because the associated aspiration risk appears mini-
mal and therefore post-pyloric feeds can be continued without
interruption during these procedures. Limiting NPO time may
serve to improve nutritional intake in critically ill patients. As
a small number of our patients did have some residual gastric
volumes, it may indicate that a more widespread use of gas-
tric POCUS is warranted in the ICU setting to allow for in-
dividualized assessment and risk scoring of patients. Bedside
gastric ultrasound offers a simple, noninvasive assessment tool
that can assist pediatric intensive care physicians, emergency
medicine physicians, and anesthesiologists in individualized
decision-making regarding patient safety. In our study cohort,
we were able to quickly complete these scans at the bedside in
critically ill patients. It was never necessary to stop a scan due
to patient-related physiologic issues such as hemodynamic or
respiratory instability. This study supports broader use of gas-
tric POCUS during preprocedural and preoperative assessment
in the ICU. Future studies with larger cohorts are warranted to
confirm these findings and to further define safe feeding prac-
tices in this vulnerable population.
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