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Abstract

Abstract Background: Nasal CPAP introduces positive pressure of air into both trachea and stomach, which may affect gastric

emptying. The rate of gastric emptying can be estimated by US by two validated techniques: “antral cross-sectional area”

(2-dimensional estimate of the surface area at the gastric antrum), and “spheroid gastric volume” (3-dimensional estimate of

the stomach content volume). No study examined gastric emptying rate in infants on bubble CPAP (bCPAP). Objective: To

compare gastric emptying rates in neonates on machine-derived nasal CPAP (MD-nCPAP) with those on bCPAP. Methods:

Ultrasound measurements of the amount of milk in the stomach were performed before feeding and at 1, 2, and 3 hours after the

start of feeding, using both the ACSA and spheroid methods. Rates of gastric emptying were calculated during the “early” (1-2

hours) and “late” (2-3 hours) phases after feeding. Results: We recruited 32 infants (25-34 weeks gestational age). Seventeen

infants were treated with MD-nCPAP [median birth weight 1015 g (IQR: 870 to 1300), gestational age 28 weeks (IQR: 27

to 29), postnatal age 20 days (IQR: 14 to 28)], while 15 infants were treated with bCPAP [median birth weight 960 g (IQR:

855 to 1070), gestational age 27 weeks (IQR: 26 to 28), postnatal age 17 days (IQR: 15 to 25)]. Gastric emptying rates (%

emptied/min) were significantly faster in the “early” compared to the “late” phase for all infants. There were no significant

differences in the rates of gastric emptying (either “early” or “late”) or volumes of gastric residuals between infants receiving

MD-nCPAP or bCPAP, measured by either method. Conclusions: Gastric emptying is faster during the “early” compared to

the “late” phase. Gastric emptying rates are not different in infants receiving MD-nCPAP vs bCPAP.
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. (OGT), total parenteral nutrition (TPN), antral cross-sectional area (ACSA), ultrasound (US), necrotizing
enterocolitis (NEC), very low birth weight (VLBW), gestational age (GA), corrected gestational age (CGA)

1 | INTRODUCTION

Nasal continuous positive airway pressure (CPAP) and surfactant replacement have been recommended as
the first line treatment for premature infants with respiratory distress syndrome (RDS) [1]. CPAP is the most
studied non-invasive respiratory support modality in premature infants. It delivers continuous distending
pressure to the airways and alveoli to maintain functional residual capacity [2]. However, CPAP may exert
other physiologic effects by introducing positive pressure into the gastrointestinal tract (GIT).

Optimal nutrition is critically important for premature infants, but their gastrointestinal tract motility may
be impaired relative to older infants and children [3]. Jaile et al. described benign gaseous distention of the
GIT in infants treated with CPAP and devised the term ‘CPAP belly’ [4]. Another study reported improved
gastric emptying in infants on machine-derived nasal CPAP (MD-nCPAP) compared to healthy room air
controls [5]. However, gastric emptying in preterm infants on other modes of non-invasive respiratory support,
including widely-used bubble CPAP (bCPAP), has not been studied. Delayed gastric emptying and large
gastric residual volumes have been associated with feeding intolerance and necrotizing enterocolitis (NEC)
[6,7].

Our primary objective was to compare ultrasound (US)-estimated gastric emptying rates in premature
infants receiving full enteral feedings who are treated with either MD-nCPAP or bubble CPAP (bCPAP).
The secondary objective was to determine the relationship between clinically assessed feeding tolerance and
US-estimated volumes of residual stomach contents prior to feeding.

2 | METHODS

We prospectively studied gastric emptying in very low birth weight (VLBW) infants treated with either MD-
nCPAP or bCPAP from May 2018 to March 2020. The study was approved by Northwell Health Institutional
Review Board (Manhasset, NY). Informed consent was obtained from parents before enrollment. Inclusion
criteria included infants 25-34 weeks of gestational age (GA) at birth receiving full enteral feedings and treated
with either MD-nCPAP or bCPAP for RDS. Infants with major congenital anomalies, gastrointestinal disease
or surgery, and those treated with systemic antibiotics or GIT motility medications were excluded from the
study.

Per NICU protocol, infants who are not mature enough to nipple feed are fed by bolus every 3 hours via
orogastric tube (OGT). After minimal enteral trophic feedings are tolerated for 1-2 days, the feedings are
increased daily by ˜20 mL/kg/day until full enteral feeding volumes of 160 ml/kg/day are achieved. Feedings
are fortified to 24 kcal/oz using Similac Human Milk Liquid Fortifier (Abbott Nutrition, Abbott Park, IL,
USA) when enteral feeding volumes reach ˜60 ml/kg/day. Parenteral nutrition (PN) support is discontinued
when infants tolerate ˜120 mL/kg/day of enteral feeding. Gavage feedings were provided over a feeding pump
for 60 minutes period. The stomach is decompressed by opening the OGT to straight drainage 30 minutes
after completion of feeding. All infants are examined every 3 hours for vomiting, abdominal distention, bowel
sounds, bowel movement and abdominal wall softness. Gastric residuals or aspirates are checked only when
an OGT is placed or replaced, or if there is a clinical indication. Feeding intolerance was defined as the
withholding of feedings by the attending physician because of one or more of the following: bilious emesis,
significant abdominal distention, abnormal bowel auscultation or abnormal vital signs.

Treatment of apnea of prematurity and RDS includes administration of IV or PO caffeine together with
either MD-nCPAP or bCPAP. During the study period, our NICU was transitioning from using MD-nCPAP
to bCPAP, with the choice dependent solely on the availability of bCPAP at the time of patient’s admission.
MD-nCPAP was delivered by AVEATM(Vyaire Medical, Inc., Chicago, IL, USA) mechanical ventilator and
administered through RAM cannula® (Neotech, Valencia, CA, USA). Bubble CPAP was delivered by a
commercially available system (Fisher & Paykel Healthcare Ltd., Auckland, New Zealand) connected to
Babi.Plus® nasal prongs (Respiralogics, NV, USA). Oxygen saturations were maintained between 88% and
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. 95% as per NICU protocol. Upper airways and mouth were gently suctioned on an as-needed basis to keep
them clear. Infants’ necks were kept in slight extension.

2.1 | Imaging techniques

Gastric emptying was assessed using 2 methods at a time when infants were receiving at least 120 mL/kg/day
of enteral feedings and no intravenous fluids. The first method is to calculate the maximum antral cross-
sectional area (ACSA) by measuring the longest anteroposterior and transverse diameters of the gastric
antrum by real-time US (Zonare, Mindray, Shenzhen, China) [8]. The second method is to calculate the
spheroid gastric volume by measuring the largest anteroposterior, longitudinal and transverse diameters of
the stomach filled with milk with the US transducer positioned on the lower left lateral chest and upper
abdomen [9,10]. Each infant had a total of 4 measurement points: before feeding (0 hour), at 1 hour, 2 hours
and 3 hours after the initiation of the feeding (Figure 1 ). Infants were kept in a flat supine position during the
study period. Based on the consecutive measurements, ACSAs and spheroid volumes were used to calculate
percent change in ACSA and percent change in spheroid gastric volume between two consecutive feedings
as proxies for percentage of milk emptied per minute. Early gastric emptying was defined as the change
in volume determination from 1 hour to 2 hours after the initiation of the feeding. Late gastric emptying
defined as the change in volume from 2 hours to 3 hours after the initiation of the feeding. Values obtained
by both US methods were compared between the two modes of CPAP.

Gastric residual volume percentage was calculated by dividing the gastric volume at 1 hour (immediately
prior to the next feeding) by the gastric volume at 1 hour (after completion of the study feeding). Value
obtained was expressed as a percentage.

A lung ultrasound score (LUS) was also determined at the 1-hour measurement point in order to ensure that
the CPAP groups did not differ in the severity of their respiratory disease. The LUS score is assigned based
on observations reflecting the efficacy of aeration at 6 different lung fields [12]. A recent meta-analysis has
validated it for assessing the severity of RDS with high sensitivity and specificity [11].

Ultrasound gel was prewarmed and transducer sanitized before each exam. During the exam, infants were
comforted with a pacifier. If an infant had oxygen desaturation below 80% or bradycardia below 80 bpm,
the exam was stopped to allow the infant to recover. No sedation was used during the US exams.

2.2 | Data analysis

Statistical analysis was carried out using SAS version 9.4 software (Cary, NC). Continuous variables were
reported as medians and interquartile ranges. Categorical variables were reported as frequencies and per-
centages. For Table 1 and Table 2, Wilcoxon rank sum test was used to test differences in distribution of
continuous variables between the two modes of ventilation. Chi-square test and Fisher’s exact test were used
for the comparison of proportions of categorical variables between the two modes. P values of <0.05 were
considered statistically significant.

A multilevel linear mixed model was used to test for association between gastric emptying rates and venti-
lation modes (MD-nCPAP, bCPAP) accounting for emptying period (early, late) and gestational age (25+0
to 27+6 weeks, 28+0 to 34+6 weeks). All possible interactions, as well as main effects, were included. Mul-
tivariable linear regression with backward elimination was used to test for association between total gastric
emptying rates and ventilation mode accounting for GA. The interaction between ventilation mode and GA
group, as well as the main effects were included in the model. Manual backward elimination was used to
identify main effects and interactions that were statistically significant. In the case of a significant interaction
term, post-hoc paired comparisons were performed, and a Bonferroni adjustment was used to account for
multiple comparisons.

3. | RESULTS

We prospectively studied 32 infants: 17 receiving MD-nCPAP and 15 receiving bCPAP. Patient demographic
and clinical characteristics are summarized in Table 1 and Table 2. There were no significant differences
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. between the MD-nCPAP and bCPAP groups in any characteristic except corrected GA (median corrected
GA in MD-nCPAP = 32 (IQR: 31 to 33), in bCPAP = 30 (IQR: 29 to 31), P = 0.006). Lung US Score
(LUS), PEEP and FiO2 were not different between the groups, suggesting that the degrees of pulmonary
impairment were similar.

Gastric emptying rates calculated as percentage emptied per minute (%emptied/min) from the values obtai-
ned by both ACSA and spheroid US methods at different time intervals were compared between MD-nCPAP
and bCPAP groups. There were no significant differences in the rates measured by either ACSA or spheroid
methods and between the MD-nCPAP and bCPAP groups, either as the emptying rate across the entire
feeding duration or as individual early and late emptying rates (Figure 2a, 2b). The ACSA method demons-
trated significantly faster gastric emptying in the early phase compared to the late phase in the 25+0 to
27+6 weeks GA group (Bonferroni adjusted p-value = 0.0008) but not in the 28+0 to 34+6 weeks GA group
(Bonferroni adjusted p-value = 1), irrespective of ventilation group after accounting for multiple testing
among paired comparisons (Figure 2a) . The spheroid method rate demonstrated significantly faster empty-
ing in the early phase than in the late phase (p < 0.0001) for all infants, irrespective of ventilation group
and GA group (Figure 2b).

Residual gastric contents prior to the next feeding were calculated to be 42.4% in the MD-nCPAP group
and 31.9% in bCPAP group when using ACSA measurements, and 23.8% and 25.8% respectively when using
spheroid method. Comparison of these residual gastric contents showed no significant difference between the
MD-nCPAP and bCPAP groups by either ACSA (Figure 3a) or spheroid method (Figure 3b). None of the
studied patients had emesis or measurable regurgitation.

4 | DISCUSSION

The use of CPAP to treat RDS in premature infants has been associated with a lower incidence of chronic
lung disease than invasive mechanical ventilation [13]. Therefore, there has been a notable shift to non-
invasive respiratory support for these infants, and the term “less may be more” has been fully embraced in
neonatology. However, increased use of CPAP requires a closer examination of its potential side-effects. The
presence of an oro- or nasogastric tube in many of these infants may allow the delivered and swallowed gas to
move to the stomach and further down the GIT. Abdominal distention may restrict diaphragmatic movement
and lung expansion, and serious complications such as intestinal perforation and necrotizing enterocolitis
have been reported [14,15,16]. Even though we analyzed the incidence of NEC and intestinal perforation,
along with BPD, and found no significant difference between MD-nCPAP and bCPAP groups, our study
was not powered to detect these differences ( Table 2) .

Studies using scintigraphy to determine the rate of gastric emptying in healthy term infants have yielded
inconsistent results. While some studies have reported faster gastric emptying in older infants, a large recent
study found that infants less than 3 months of age have faster gastric emptying than older infants and
children [17,18,19]. As expected, gastric emptying is twice as fast in infants fed breast milk compared to
formula [20]. Conversely, delayed gastric emptying has been associated with gastro-esophageal reflux in older
children [21]. Using scintigraphy in VLBW infants, Gounaris et al. reported faster gastric emptying in those
treated with MD-nCPAP compared to healthy controls [5]. However, the utility of scintigraphy is limited in
children and infants because of the need to limit radiation exposure. US provides a noninvasive method to
estimate the gastric emptying rate and can be performed at the patient’s bedside [22,23].

We found that neither the ACSA nor spheroid method gastric emptying rates were statistically different
between infants treated with MD-nCPAP and bCPAP, analyzed by multivariable analysis adjusting for
emptying phase (early, late) and GA (25-28 weeks, 28-34 weeks). The caloric density of the feedings, type
of milk (expressed human milk only, donor human milk only, formula only, or mixed) or volume of milk
were not significantly associated with the ACSA or spheroid rates. Corrected gestational age (CGA) was
significantly different between the MD-nCPAP and bCPAP infants, but regression analysis of ACSA or
spheroid rates and CGA showed no correlation between the two variables. Our findings are consistent with
a recent meta-analysis that demonstrated no correlation between postmenstrual age and gastric emptying

4
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. time [24].

A significantly faster gastric emptying was noted in the early phase (1-2 hours from the initiation of a feed)
compared to the late phase (2-3 hours after initiation of a feed) when using the spheroid method, but this
was seen only in the 25+0 to 27+6 week GA group using the ACSA method. This is consistent with previous
studies showing faster gastric half-emptying times in the immediate post-prandial period using different
methods of measurement [5,8,19]. A meta-analysis of 66 studies in various age groups performed by Bonner
et al. revealed a non-linear emptying rate with faster early phase, especially for liquid-fed subjects compared
to those fed solid food [24]. This can be explained by a high intragastric volume in the early phase, which
stimulates the mucosal stretch receptors [29,30,31,32].

We noted high gastric residual percentages using both methods – 41% (30.3-49.8) by ACSA and 24.5%
(16.8-32.3) by spheroid. Higher gastric residual percent measured by the ACSA method compared to the
spheroid method is likely due to the antrum being the last part of the stomach to empty. It appears that
traditional measurements of pre-feeding residual volumes by gastric aspiration underestimate the proportion
of retained feeding by 19-25%. This may be dependent on patient position, feeding tube size, position of the
tip of the tube, milk viscosity and aspiration technique [25,26,28]. Our subjects at the time of the US were
receiving only non-invasive respiratory support and tolerating full enteral feeding without clinical evidence
of feeding intolerance. This finding brings into question the reliability and value of using aspirated gastric
residuals to assess feeding intolerance or gastrointestinal pathology in neonates [27,28].

5 | LIMITATIONS

One weakness of this pilot study is its small sample size. Also, it was not possible to mask the type of
CPAP to investigators performing US. Nevertheless, the likelihood of bias was minimized because data on
CPAP and other clinical variables were not available to the investigators who analyzed the US images and
performed the gastric volume calculations. Also, gastric emptying rates were calculated based on measure-
ments during one feeding period, which may not be representative of all feeding periods. Still, pre-feeding
residual measurements for two consecutive feedings (at the beginning and end of the US period) were similar,
supporting the idea that gastric emptying rates are stable.

6 | CONCLUSION

Gastric emptying rates are not different in infants receiving MD-nCPAP vs bCPAP and are faster during
the “early” compared to “late” phase after feeding. The measured gastric emptying rates in all the infants
appeared clinically adequate, since they all tolerated feeding. The identification of large gastric residuals by
US in these stable preterm infants suggests that traditional gastric aspiration may overstate the occurrence
of feeding intolerance. Nevertheless, feeding intolerance is common in VLBW infants, so larger US studies
comparing modes of non-invasive and invasive ventilatory support are needed.
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