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Point-of-care ultrasound estimation
of gastric residual volume in preterm infants:
development of a calculation model
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Abstract

Background The aspiration of gastric residual volume through the gastric tube increases the risk of feed
interruption episodes, prolongs the time needed to achieve full enteral feeding and regain birth weight, and
may potentially damage the gastric mucous. This study aimed to develop a point-of-care ultrasound-based
model to calculate gastric residual volume in preterm infants.

Methods This observational study enrolled 100 preterm infants who fed by gastric tube. The collected data
included general characteristics of the preterm infants, the antral cross-sectional area in the right lateral
position within 30 min prior to feeding and the gastric residue volume measured through gastric tube. A linear
regression analysis was conducted to assess the relationship between the antral cross-sectional area and the
aspirated gastric residual volume, with the calculation of the Pearson correlation coefficient. A stepwise linear
multiple regression was employed to model the relationship between the suctioned residual volume and the
parameters under consideration. Subsequently, we utilized the Bland-Altman plot to assess the agreement
between the gastric residual volume measured by aspiration and our model, respectively.

Results Overall, 89 preterm infants were included in the final analysis. Pearson correlation analysis revealed

a significant correlation between the gastric antral cross-sectional area in the right lateral decubitus position
and the suctioned volume (P < 0.001; correlation coefficient: 0.905). We developed an ultrasound calculation
model as follows: Volume (ml)=-3.74 +9.08 x Gastric Antral Cross-Sectional Area (measured in the right lateral
decubitus position) (cm2). When comparing the ultrasound calculated volume and suctioned volume, the mean
was 0.05 ml kg-1 and the limit of consistency was — 1.59 to 1.69 ml kg-1 between the ultrasound calculated
volume and suctioned one.

Conclusion The use of ultrasound to assess gastric residual volume (GRV) offers a promising alternative

to gastric tube suction, potentially reducing associated complications and enhancing enteral nutrition
management in preterm infants. Our study represents a pioneering effort in the development of a point-of-care
ultrasound-based calculation model for non-invasive GRV assessment in this vulnerable population.
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Significance

What is already known on this topic

1. Nurses mainly assess the gastric residual volume by aspirating the gastric contents via an gastric tube, which
interferes with the rehabilitation process to a certain extent.

2. There is a significant relationship between the antral cross-sectional area and gastric residual volume.

3. Ultrasound examination of the antrum is an easy-to-perform tool that may allow reliable assessment of the
gastric residual volume in both adults and children.

What this study adds

1. This study demonstrates that the cross-sectional area of the gastric antrum in the right lateral decubitus is a
crucial factor for estimating gastric residual volume in preterm infants.

2. This study established a model for calculating gastric residual volume in premature infants using ultrasound.
How this study might affect research, practice or policy

1. The findings of this study could potentially impact the assessment of gastric residual volume in preterm infants
and facilitate the implementation of intestinal feeding.

Keywords Point-of-care ultrasound, Gastric residual volume, Preterm infants, Non-invasive assessment, Calculation

model, Enteral nutrition management

Introduction

Appropriate management of early nutritional support is
particularly crucial for preterm infants, as it significantly
impacts their growth and development [1, 2]. Evidence
indicates that early initiation of enteral feeding follow-
ing birth promotes gastrointestinal system maturation,
reduces nutritional intolerance, and enhances neural
developmental outcomes, particularly in very low birth
weight (VLBW) preterm infants [3-5]. However, the
implementation of early enteral feeding is often chal-
lenged by feed intolerance, which primarily results from
gastrointestinal immaturity and reduced intestinal motil-
ity [6-7]. Clinically, feeding intolerance is identified
when gastric residual volume (GRV) exceeds 50% of the
previous feeding volume or when accompanied by clini-
cal symptoms such as abdominal distension or vomiting
[8]. Importantly, GRV serves as a quantifiable clinical
parameter that reflects gastric emptying efficiency and
nutrient absorption capacity [9]. Therefore, meticulous
monitoring of GRYV is essential for optimizing nutritional
management in preterm infants.

Despite the clinical importance of GRV monitoring,
there is currently no standardized or universally accepted
measurement method [10]. In clinical practice, the most
commonly employed technique in Neonatal Intensive
Care Units (NICUs) involves intermittent aspiration
of gastric contents through an indwelling gastric tube,
performed primarily by nursing staff [11, 12]. However,
this conventional approach presents several clinical chal-
lenges: (1) it increases the risk of unnecessary feeding
interruptions [13], (2) may cause mechanical injury to
the gastric mucosa [14], (3) prolongs the time required to
achieve full enteral feeding [15], and (4) potentially com-
promises the overall rehabilitation process [16]. These
limitations highlight the need for developing less invasive

and more reliable GRV monitoring techniques in neona-
tal care.

Gastric ultrasound has emerged as a valuable point-of-
care tool for qualitative assessment of gastric contents
and quantitative prediction of gastric fluid volume, dem-
onstrating significant utility in guiding enteral feeding
management in adult populations [17]. Building upon
this foundation, Beck et al. [18] conducted a pioneering
study evaluating the feasibility of ultrasound for quantify-
ing small volumes of gastric contents. Further advancing
this field, Perrella et al. [11] established a significant cor-
relation between antral cross-sectional area (CSA) and
feeding volumes. These findings were corroborated by
Van de Putte et al. [19], who demonstrated a consistent
association between antral CSA and GRV measurements.
Despite these advancements in adult and pediatric popu-
lations, there remains a critical gap in neonatal care, as
no validated point-of-care ultrasound calculation model
currently exists for GRV assessment in preterm infants.

To address this significant clinical need, the pres-
ent study aims to develop and validate a novel bedside
ultrasound-based model for accurate calculation of gas-
tric residual volume in preterm infants. This innovative
approach seeks to overcome the limitations of traditional
GRV measurement methods while providing a non-inva-
sive, real-time monitoring solution tailored to the unique
physiological characteristics of premature neonates.

Methods

Study design and setting

This single-center observational study approved by the
Ethics Committee of the First Affiliated Hospital of the
Zhengzhou University (Ethics Number: 2022 -0493),
included preterm infants who were hospitalized at the
Neonatal Intensive Care Unit (2) of the First Affiliated
Hospital of Zhengzhou University between July and
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December 2022. Written informed consent was obtained
from the guardians prior to acquisition of ultrasound
images.

Participants

The study subjects were premature infants born and
admitted to the neonatal intensive care unit at the First
Affiliated Hospital of Zhengzhou University. Inclusion
criteria were as follows: (I) Gestational age less than 37
weeks; (II) Occurrence of feed intolerance after enteral
nutrition, requiring gastric tube feeding. Feed intoler-
ance is clinically characterized by specific indicators,
including: (1) increased gastric residual volume, defined
as a single measurement exceeding 50% of the previously
administered feeding volume; (2) altered gastric residual
characteristics, such as bilious- or blood-stained appear-
ance; (3) abdominal distension; and/or (4) emesis. This
comprehensive definition encompasses both quantita-
tive and qualitative aspects of gastric residual evaluation
along with associated clinical manifestations [8]; (III) Sta-
ble vital signs without severe complications, such as neu-
rological complications (Grade III or IV intraventricular
hemorrhage, periventricular leukomalacia, etc.), chromo-
somal or genetic abnormalities, complex congenital heart
disease (Tetralogy of Fallot, pulmonary stenosis, etc.),
congenital gastrointestinal malformations, or necrotizing
enterocolitis.

Ultrasound examination of the antrum

All gastric ultrasound assessments were conducted by
an experienced investigator who had performed gastric
ultrasonically in more than 200 cases. The antral CSA
was measured by a portable color Doppler ultrasound
(LOGIQ E R7 PRO) unit within 30 min prior to feeding.
Measuring the cross-sectional area of the gastric antrum
in the right lateral decubitus position in preterm infants
can effectively minimize interference from intragastric
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gas, thereby improving the accuracy of the assessment
[20].

The left lower sternal end of the infant served as the
body surface positioning marker for the ultrasound
probe, while the abdominal aorta, superior mesenteric
vein, and left lobe of the liver (within the abdominal
cavity) were utilized as positioning markers for locat-
ing the gastric antrum within the body [21]. The antral
cross-sectional area (CSA) was indirectly monitored by
measuring the longitudinal(D1) and anteroposterior(D2)
cross-sectional diameters of a single section of the gas-
tric volume. Consequently, the gastric antral CSA (A)
was calculated in all subjects using the formula: A=m x
(D1mean x D2mean/4). At this level, the scan showed the
stomach shaped as either a circle or an ellipse (Fig. 1).

Suctioned gastric volume via the gastric tube

The GRV was assessed based on the suctioned gastric
volume obtained from the gastric tube. A 10mL syringe
was attached to the gastric tube, and gentle suction was
initially applied in the right lateral position (RLD), fol-
lowed by suction in the supine position. We also evalu-
ated gastric residual volume using a qualitative grading
system [22], aiding in the determination of any gastric
residue presence. A grading of 0, 1, or 2 was applied as
follows: Grade 0, no fluid visible in the antrum in either
the supine or the RLD; Grade 1, antral fluid visualised
only in the RLD; or Grade 2, antral fluid visualized both
in the supine and in the RLD.

Dependent variable

At the beginning of this study, we had selected 10 pos-
sible predictors: gestational age, the number of days since
birth, weight, length at ultrasound investigation, type of
milk (human milk or formula milk), the antral CSA in
the right lateral position, volume of feed provided at last

Fig. 1 Gastric antral cross-sectional area measurements. Left(a) empty stomach: gestational age at birth: 26.6 weeks, number of days since birth at the
time of image acquisition: 24 days. weight: 1161 g. and RLD-CSA: 0.37 cm?. Middle(b) 0.7 ml drained: gestational age at birth: 31.1 weeks, number of days
since birth at the time of image acquisition: 17 days, weight: 1760 g. and RLD-CSA: 0.58 cm?. Right(c) 3.5 ml drained: gestational age at birth: 29 weeks,
number of days since birth at the time of image acquisition: 31 days, weight: 1980 g, and RLD-CSA: 1.03 cm? CSA, cross-sectional area; RLD, right lateral

decubitus.
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meal, feeding interval, duration of last meal provided, the
number of times enteral feeds were discontinued in 24 h.

Statistical analysis

Kolmogorov-Smirnov test was used to check normal-
ity of the data distribution. A linear regression analysis
was performed between the antral CSA in the right lat-
eral decubitus position and the aspirated gastric volume,
with calculation of the Pearson correlation coefficient.
A stepwise linear multiple regression was used to model
the relation between suctioned volume and indepen-
dent variable. For each test, P<0.05 was considered sta-
tistically significant. We then developed a calculation
model for GRV in preterm infants using significant vari-
ables in multiple regression analyses. To verify agree-
ment between the calculated and the suctioned GRYV,
we used a Bland-Altman analysis which plots the differ-
ence between calculated and suctioned volumes for each
patient vs. the mean volume of the calculated and suc-
tioned values [23]. All statistical analyses were performed
using SPSS.25 statistical software version.

Results

Baseline clinical characteristics

During the study period, a total of 100 preterm infants
were initially enrolled. Of these, 11 were excluded due to
the inability to obtain clear gastric antrum images, result-
ing in 89 infants being included in the final analysis. The

Table 1 Subject characteristics

N=89
Gestational age (weeks) 32.1(30.1-
33.4)
Number of days since birth (days) 13(7.5-20.5)
Length at ultrasound investigation (cm) 39.5(37.7-
42)
Weight (g) 1510(1290-
1760)
Type of milk
Milk powder for premature infants 46(51.7%)
Breast milk 18(20.2%)
Special types of milk 25(28.1%)
Respiratory support
Mechanical ventilation 0(0%)
Noninvasive ventilation 55(61.8%)
Oxygen inhalation 10(11.2%)
None 24(27%)
Volume of feed provided at last meal (ml) 5(1-13)
Total milk intake in 24 hours (ml) 50 (12-156)
Feeding interval(h) 2(2-3)
Duration of last meal provided (min) 14+1.1
The number of times enteral feeds were discontinued in ~ 1.0+1.7
24hours(times)
RLD CSA(cm?) 06+03

CSA, cross-sectional area; RLD, right lateral decubitus
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clinical characteristics of the included infants were as fol-
lows: median gestational age, 32.1 weeks (inter quartile
range [IQR], 30.1-33.4 weeks); median weight, 1510 g
(IQR, 1290-1760 g); median postnatal age, 13 days (IQR,
7.5-20.5 days); and median length at the time of ultra-
sound investigation, 39.5 cm (IQR, 37.7-42 cm). Among
the infants, 71 (79.8%) were fed formula milk, while 18
(20.2%) received human milk (Table 1).

Development an ultrasound-based gastric residual volume
calculation model for preterm infants

According to the stepwise linear multiple regression
analysis, statistical results showed that gestational age,
number of days since birth, weight, length at ultrasound
investigation, type of milk fed, volume of feed provided at
last meal, feeding interval, duration of last meal provided,
and the number of times enteral feeds were discontin-
ued in 24 h were not associated with the GRV in preterm
infants (P>0.05). The antral CSA in the right decubitus
position was found to be significantly related to GRV
(P<0.001; correlation coefficient: 0.905) (Fig. 2).

We conducted multiple regression imputation for the
US calculation of GRV: Volume (ml)= -3.74 +9.08 x Gas-
tric Antral Cross-Sectional Area (measured in the right
lateral decubitus position) (cm?). The coefficient of deter-
mination (R?) of this model was 0.817; P<0.001 (Table 2).

Assessment of agreement between US calculated and
suctioned gastric residual volumes

We performed a Bland-Altman analysis of the agreement
between suctioned GRV per kilogram and US measured
GRYV per kilogram in our patients. The mean difference
and the lower (mean difference+1.96 SD) and upper
(mean difference-1.96 SD) limits of agreement were
0.05 ml kg~ *(95%Cl: -0.13 to 0.22), -1.59 ml kg™* (95% CI:
-1.89 to -1.29) and 1.69 ml kg™! (95% CI: 1.38 to 1.99),
respectively (Fig. 3).

Discussion

Our study established a significant correlation between
antral cross-sectional area (CSA) measured in the right
lateral decubitus position and gastric residual volume
(GRV) in preterm infants (r=0.905, p<0.001). Based on
this finding, we developed and validated a novel ultra-
sound-based predictive model for accurate GRV esti-
mation in preterm infants. This pioneering research
represents the first development of a point-of-care ultra-
sound calculation model specifically designed for GRV
assessment in the neonatal population. Notably, this
study addresses a critical clinical gap.

Several criteria have been employed to delineate
a substantial volume of GRV, encompassing thresh-
olds such as =2 ml per kg of the infant’s weight, > 2 ml
or 3 ml depending on the infant’s weight, > 30% of the
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Y=-3.74+9.08X, R,3=0.817
=0.905 ,

201 P<0.001

10~

Aspirated volume (mL)

1

2

Antral are measured in right lateral decubitus (cm?)

Fig. 2 Correlation of the aspirated gastric residual volume with the antral cross-sectional area measured in right lateral decubitus

Table 2 Regression model statistics for the suctioned gastric

volume

Independent Coefficient Standard t P-value
Variable error

Intercept -3.741

RLD-CSA 9.076 0457 19.844 <0.001

previous feed volume, and >50% of the cumulative feed
volume given during the specified time interval [24—-26].
However, presently, there is no consensus on the rec-
ommended threshold for GRV, nor is there a univer-
sally accepted definition of what constitutes a normal or
acceptable volume of residuals.

Recent studies have questioned the utility of routine
monitoring of GRYV, but lack robust evidence [13, 15, 16].
They show that the fear of NEC based on signs of “feed
intolerance” on routine monitoring of GRV probably
dose more good than harm (sub-optimal nutrition due
to frequent stopping of feedings). However, other stud-
ies have shown that a large GRYV is still an observational
indicator of early NEC and a criterion for judging feeding
intolerance [8, 27-29]. Currently, Guidelines recommend
that the GRV should be evaluated promptly in preterm
infants who develop bloating, vomiting, regurgitation,
irritability, lethargy, frequent apnea, bradycardia and

other symptoms [15]. In our study, GRV was assessed
using point-of-care ultrasound to measure the cross-
sectional area of the gastric antrum, a method recognized
as non-invasive and reliable [17, 30]. Furthermore, the
coefficient of determination (R?) for our model was 0.817,
indicating that the model accounts for 81.7% of the vari-
ability in the target (dependent) variable. We conclude
that our newly developed calculation model is particu-
larly well-suited for estimating GRV in preterm infants.
Our measurement method is not associated with com-
plications in most cases. Firstly, in our study, ultrasound
examinations were seamlessly incorporated into routine
abdominal assessments for preterm infants, eliminating
the need for additional tests. This approach is equally
applicable to other pediatric populations. S. Giordano
[31] reported the case of a 2-year-old boy who devel-
oped acute pancreatitis following rotavirus gastroenteri-
tis. After an abdominal ultrasound evaluation revealed
no pathological signs, fatty and protein-rich foods were
gradually reintroduced and well-tolerated. In another
study, an infant with a contiguous gene deletion syn-
drome at Xp22.31, was diagnosed with pyloric stenosis
through antropyloric ultrasound examination. Timely
surgical intervention was performed, leading to effec-
tive treatment [32]. Secondly, in our study, we selectively
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Fig. 3 Bland-Altman analysis plots the difference between US calculated and suctioned fluid volumes for each patient vs. the mean volume of the cal-

culated and suctioned values

performed ultrasound measurements to assess GRV in
preterm infants. Elia S et al. [33] demonstrated that selec-
tive monitoring of GRV in premature infants can prevent
unnecessary feeding interruptions and promote better
weight gain. The use of ultrasound to measure GRV elim-
inates the risk of gastric mucous damage and infection
associated with gastric tube insertion, thereby support-
ing optimal growth and development. Thirdly, we strictly
adhere to disinfection and isolation protocols during
examinations while closely monitoring any changes in
the child’s vital signs. Our procedures typically last less
than five minutes, minimizing discomfort for the infants.

Here are certain limitations in our study. Firstly, quan-
tifying gastric contents with blindly suctioned samples
may not accurately estimate GRV, highlighting the need
for further investigation. Secondly, our study did not
investigate the optimal frequency, timing, and duration
of ultrasound evaluations. In future research, we will
determine these parameters in order to develop a stan-
dardized protocol for their routine use in assessing GRV.

Conclusions

In summary, this study established a model for calculat-
ing gastric residual volume in premature infants using
ultrasound. No ultrasound-based method currently
exists for GRV calculation in preterm infants.
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