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Highlights

What are the main findings?

e Intermittent bolus feeding increased intestinal oxygenation, with a more pronounced
percentage change observed during and after feeding in the rapid advancement group.

e Nosignificant difference in gastrointestinal adverse outcomes, such as feeding intolerance
or necrotizing enterocolitis, was found between the slow and rapid advancement groups.

e  The use of abdominal near-infrared spectroscopy allowed continuous, real-time assess-
ment of mesenteric oxygenation, demonstrating its potential value as a non-invasive
monitoring tool in preterm infants.

What is the implication of the main finding?

e Rapid advancement of enteral feeding, when closely monitored clinically and/or with
abdominal near-infrared spectroscopy, may be safely implemented without increasing
the risk of gastrointestinal complications.

Abstract

Background/Objectives: The optimal rate of enteral feeding advancement in preterm
infants remains uncertain despite decades of clinical research. This uncertainty arises
from concerns that rapid feeding progression may increase the risk of feeding intolerance
and necrotizing enterocolitis (NEC), two major causes of morbidity and mortality in this
population. The feeding rate may also influence intestinal oxygenation due to mesen-
teric hemodynamic changes during feeding. This study aimed to evaluate whether the
rate of enteral feeding advancement (slow vs. rapid) affects intestinal oxygenation and
its association with feeding intolerance (FI) or necrotizing enterocolitis in very low birth
weight preterm infants. Methods: This prospective, randomized, two-center study in-
cluded infants born at 28-32 weeks of gestation. Group 1 received slow advancement
(20 mL/kg/day) and Group 2 rapid advancement (30 mL/kg/day) of enteral feeds.
Splanchnic (srSO,) and cerebral (crSO;) oxygenation were monitored daily using the FDA-
approved INVOS NIRS device during feeding periods (08:00-16:00). Monitoring was per-
formed during minimal enteral nutrition (Phase 1), advancement phases (Phase 2), and for
two days after achieving full enteral feeding (Phase 3). The splanchnic-to-cerebral oxygena-
tion ratio (SCOR) was also calculated. Percentage changes in srSO, and SCOR during and
after feeding were calculated from baseline (prefeeding) values and analyzed. Results: Sixty
infants were enrolled. Mean gestational age and birth weight were 29.76 4= 1.33 weeks and
1375.05 £ 271.19 g, respectively. Group 2 achieved full enteral feeding significantly earlier
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(p = 0.001), with no other demographic differences between groups. No cases of NEC were
observed. Feeding intolerance occurred in 14 infants (23.3%): 8 in Group 1 and 6 in Group
2 (p = 0.192). Both groups exhibited increased srSO; and SCOR during feeding; however,
the between-group differences were not statistically significant (Phase 2 srSO, and SCOR:
p = 0.07, 0.08; Phase 3 srSO; and SCOR: p = 0.069, 0.071). However, the percentage change
from baseline in srSO, and SCOR during and after feeding was significantly greater in
Group 2 during the advancement and full enteral feeding phases (Phase 2 srSO; and SCOR:
p = 0.03, 0.022; Phase 3 srSO; and SCOR: p = 0.015, 0.048). Infants with feeding intolerance
demonstrated significantly lower srSO, and SCOR values compared to tolerant infants,
and this reduction persisted even after reaching full enteral feeding. ROC analysis sug-
gested gestational age < 30 weeks, birth weight < 1180 g, srSO, < 52, and SCOR < 0.6 were
associated with feeding intolerance. Conclusions: Intermittent bolus feeding increased
intestinal oxygenation, with a more pronounced effect in the rapid advancement group. No
difference in gastrointestinal adverse outcomes was observed between groups. Lower in-
testinal oxygenation was associated with feeding intolerance, and the suggested predictive
criteria may help guide individualized feeding strategies.

Keywords: preterm infant; intestinal oxygenation; enteral feeding; slow; rapid advancement;
feeding intolerance

1. Introduction

There is an ongoing debate regarding the appropriate timing for initiating feeding and
the rate at which feeding volumes should be advanced [1-4]. In this context, there is no con-
sensus on best practices for enteral nutrition in preterm infants, and the question of whether
feeding volumes should be advanced rapidly or slowly continues to be controversial [5-7].
Significant variability exists across clinical settings in both the timing of feeding initiation
and the progression rate of enteral feeding [1-3,5,8,9]. A recent Cochrane meta-analysis
reported, with moderate-certainty evidence, that rapid advancement does not increase the
risk of necrotizing enterocolitis (NEC) [2]. In light of these findings, the progression of
enteral feeding remains an essential yet debated aspect of managing hospitalized preterm
and very low birth weight infants. Clinicians have often preferred gradual increases in
milk volume due to concerns about feeding intolerance and NEC. Earlier observational
studies suggested that slower advancement may be associated with a lower risk of devel-
oping NEC [8,10-13]. On the other hand, gradually advancing feeds comes with potential
drawbacks. It extends the duration of parenteral nutrition, increasing the likelihood of com-
plications such as liver disease related to parenteral nutrition and bloodstream infections
linked to central lines [4,14]. Preterm and very low birth weight infants are physiologically
immature and therefore at high risk for feeding intolerance and necrotizing enterocolitis;
thus, careful advancement of enteral feeding is of great importance [15]. Although various
feeding regimens have been developed for these infants, practices often vary according
to local experience and tradition, and related discussions and studies in the literature
are ongoing.

The determinants of how enteral feeding influences intestinal perfusion in preterm
infants have yet to be comprehensively studied [16]. Studies indicate that the introduction
of enteral feeds increases the small intestine’s metabolic requirements, leading to greater
blood flow from the superior mesenteric artery (SMA), a process known as postprandial
hyperemia [17,18]. Using near-infrared spectroscopy (NIRS), a non-invasive method, it
is possible to assess end-organ perfusion in preterm infants by continuously measuring
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regional tissue oxygen saturation (rSO;) [19]. Recent findings from studies on NIRS and
Doppler flow in the superior mesenteric artery (SMA) indicate that increased postprandial
intestinal perfusion without changes in cerebral perfusion [20-22]. NIRS, a non-invasive
method for assessing end-organ blood flow and continuously measuring regional oxygen
saturation (rSO;), may therefore help monitor mesenteric perfusion in preterm infants at
risk of gastrointestinal complications such as necrotizing enterocolitis (NEC) [20-22].

In this context, this study aimed to evaluate the effects of rapid versus slow ad-
vancement of enteral feeding on intestinal oxygenation and their association with feeding
intolerance and necrotizing enterocolitis in very low birth weight preterm infants.

2. Materials and Methods
2.1. Subjects

This randomized, prospective, two-center clinical trial included neonates admitted to
the NICUs of Marmara University Pendik Training and Research Hospital and Basaksehir
Cam and Sakura City Hospital between October 2021 and September 2022. This prospective
interventional study was conducted in accordance with the ethical principles outlined in
the Declaration of Helsinki and its subsequent revisions. The study protocol and informed
consent forms were reviewed and approved by the Ethics Committee of Marmara Univer-
sity Pendik Training and Research Hospital (Approval No: 09.2021.612). Written informed
consent was obtained from the parents or legal guardians of all participating infants prior
to enrollment. Participation in the study was entirely voluntary, and families retained
the right to withdraw from the study at any time without affecting the standard clinical
care of their infants. To ensure confidentiality, all data were anonymized prior to analysis.
The study was registered retrospectively with the Australian New Zealand Clinical Trials
Registry (ACTRN12625001045404) (https://anzctr.org.au/ACTRN12625001045404.aspx),
accessed on 22 September 2025).

Preterm infants born between 28 and 32 weeks of gestational age were eligible for
inclusion in this study. The exclusion criteria consisted of perinatal asphyxia, multiple
organ dysfunction, congenital anomalies, intrauterine growth restriction, and impaired
skin integrity that prevented the proper placement of NIRS probes.

2.2. Randomization

Participants were assigned to study groups using simple randomization, generated
through a computer-based random number table. Allocation concealment was ensured via
a centralized, automated system that assigned participants immediately after enrollment,
preventing foreknowledge of group allocation prior to intervention initiation. Because
the intervention involved feeding protocol implementation in preterm infants, blinding
of clinical staff was not feasible. Bedside nurses responsible for protocol administration
remained unblinded for practical reasons. However, to minimize assessment bias, outcome
evaluations were performed by independent investigators who were blinded to group
allocation. Therefore, the study employed a single-blind design, maintaining blinding
exclusively for independent reviewers.

2.3. Intervention

In this study, infants were randomly assigned to two groups: Group 1 received slow
enteral feeding advancement at 20 mL/kg/day, while Group 2 received rapid advancement
at 30 mL/kg/day. The infants included in the study were initially started on minimal
enteral feeding at 10-20 mL/kg/day. After a period of 3 to 5 days, enteral nutrition was
advanced according to the study protocol. All infants were fed intermittently via bolus
feeding for 10 min. Feeding intervals were set at two hours for infants <1250 g and three
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hours for those >1250 g. Infants with feeding intolerance were fed using intermittent
prolonged infusion, either two hours or one hour.

Feeding intolerance was defined as follows: the withholding of enteral feeding for
>24 h, required by the inability to digest enteral nutrition, characterized by a gastric
residual volume of more than 50%, abdominal distension, vomiting, or a combination of
both, along with the disruption of the patient’s feeding plan. In this study, breast milk was
the first preferred feeding option, and preterm formula was used for those with inadequate
breast milk supply [23].

To assess splanchnic oxygenation (srSO,) and cerebral oxygenation (crSO;), real-time
measurements were conducted using the FDA (Food and Drug Administration) approved
INVOS Cerebral /Somatic Oximeter (Covidien, Boulder, CO, USA) NIRS device.

A self-adhesive transducer that contains a light-emitting diode and two distant sensors
was placed on the forehead and infra-umbilical abdomen region of patients. All measure-
ments were taken with infants in a supine position. During data recording, infants were
mostly quiet or sleeping, and to reduce NIRS artifacts, the handling of patients during
the study period was minimized. For the purpose of standardizing data collection, NIRS
monitoring was performed once daily, and data were collected during two feeding periods
between 08:00 and 16:00 h.

The NIRS monitoring period was divided into three phases: Phase 1, minimal enteral
nutrition; Phase 2, advancement of enteral nutrition; and Phase 3, two days after reaching
full enteral nutrition (Figure 1).

Minimal enteral Advancement of Two days after
nutrition enteral nutrition reaching full enteral

Duri . :
30" before feeding . P e:;ﬁg . 30’ after feeding

30-minute srSO / crSO; recording 10-minute srSO, / crSO; recording 30-minute srSO; / crSO; recording

Figure 1. Timing of abdominal NIRS monitoring and definition of feeding phases during the
enteral nutrition.

NIRS measurements were taken 30 min before feeding (baseline), during feeding
(10 min), and for 30 min after feeding. NIRS values were recorded at 30 s intervals, and the
mean of these values was calculated (Figure 1).

Percentage changes in stSO, and SCOR during and after feeding were calculated from
baseline (prefeeding) values in phases 1, 2, and 3. We also calculated the splanchnic-cerebral
oxygenation ratio (SCOR, srSO;/crSO5,), the ratio of oxygen saturation of splanchnic versus
cerebral tissue. Since cerebral perfusion is subject to autoregulation while splanchnic
perfusion is not, SCOR is reduced when there is a diversion of blood flow toward the vital
organs, while it remains unchanged under normal conditions.
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2.4. Sample Size

We used Sample Power version 2 (SPSS Inc., Chicago, IL, USA) to calculate the sample
size. On the basis of preliminary data, we determined that we would need 30 cases to have
a 90% power to detect a 10% change in SCOR and srSO; from baseline to postprandial
measurement (mean difference 0.14, s.d. of the difference 0.23), with an error of 0.05 and a
two-tailed paired Student’s t-test [24].

2.5. Statistical Analysis

Normality was assessed using the Kolmogorov-Smirnov test, kurtosis, skewness, and
Q-Q plots. Homogeneity of variances was evaluated using Levene’s test. According to data
distribution characteristics, comparisons between two independent groups for continuous
variables were performed using Student’s t-test when data were normally distributed and
variances were homogeneous, Welch's t-test when data were normally distributed but
variances were not homogeneous, and the Mann-Whitney U test when data were not
normally distributed. The chi-square test was used to analyze categorical variables.

To evaluate changes in repeated measures, a Bayesian repeated-measures ANOVA
was conducted, and Bayes factors (BF;() were reported. For the alternative hypothesis (Hj),
BFj values between 1 and 3 were interpreted as anecdotal evidence, 3-10 as moderate,
10-30 as strong, 30-100 as very strong, and values greater than 100 as extreme evidence.
For the null hypothesis (Hy), BFyg values between 0.3 and 1 indicated anecdotal evidence,
whereas values between 0.1 and 0.3 indicated moderate evidence.

Receiver operating characteristic (ROC) curves were constructed, and specificity,
sensitivity, positive predictive value (PPV), negative predictive value (NPV), and area
under the curve (AUC) were calculated. DeLong test and bootstrapping (for 100 runs) were
performed to validate the ROC analysis. The DeLong test indicated a significant difference
between the novel chart and each of the factors contributing to it. The AUC (of the new
chart) with 95% confidence interval was 0.989 (0.973-1.000).

All statistical analyses were conducted using JAMOVI software (version 2.3.18) with
the jsq module. The significance level () for frequentist analyses was set at 0.05.

3. Results

During the study period, a total of 80 infants were born between 28 and 32 weeks of
gestation. Twenty preterm infants were excluded from the study. A total of 60 infants were
included in the study (Figure 2).

The gestational age and birth weight of the infants included in the study were de-
termined as 29.7 £ 1.3 weeks and 1304 & 253 g, respectively. No statistically significant
differences were found in the demographic characteristics of Groups 1 and 2 (Table 1).
However, the time to transition to full enteral feeding in Group 2 was significantly shorter
than in group 1 (p < 0.005) (Table 1).

Feeding intolerance was observed in 14 infants (23.3%). When the groups were
compared in terms of the frequency of feeding intolerance, no significant difference was
found (Group 1: 8 cases, Group 2: 6 cases, p = 0.193). When the demographic and clinical
characteristics of infants with and without feeding intolerance were compared, birth weight
and gestational age were found to be significantly lower in infants with feeding intolerance
(p < 0.001). In addition, the duration of minimal enteral nutrition and the time to achieve
full enteral feeding were significantly longer in infants with feeding intolerance compared to
those who tolerated feeding (p < 0.01). No definite NEC was observed in any of the infants.
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Total number of eligible newborns, Gestational age: 28-32 weeks weeks, n:80
Exlude total n:20
IUGR/SGA, n:11
Perinatal asphyxia, n:4
Congenital abnormalities, n:3
Impaired skin integrity, n:1
Randomized study n:30
Group 1 (n:30) Group 2 (n:30)
Slow Advancement group Rapid advancement group
(20 mL/kg/day) (30 mL/kg/day)
Outcome Compared OUtCOME | - gremmm— Outcome
Figure 2. Flow diagram of study population.
Table 1. Demographic and Clinical Features of Infants in Groups 1 and 2.
Groups 1 (n:30) Groups 2 (n:30) p
Gestational age (weeks), mean £ SD 29.8 £ 1.3 29.6 £0.2 0.555
Birth weight (g), median (min-max) 1193 (1100-1426) 1405 (1199-1458) 0.190
Gender, (M) n (%) 16 (53) 14 (47) 1
Antenatal steroid, n (%) 17 (57) 18 (60) 1
APGAR at 5 min, median (min—-max) 8 (7-9) 8 (7-8) 0.780
SNAPPE II, median (min—-max) 0(0-4.3) 0(0-3.9) 0.553
Prolonged membrane rupture, n (%) 3(10.0) 4 (13.3) 0.127
Chorioamnionitis, n (%) 0 1(3.3) 1
Gestational hypertension, n (%) 7 (23.3) 4(13.3) 0.313
Preeclampsia, n (%) 10 (33.3) 6 (20.0) 0.237
Caffeine, n (%) 21 (70.0) 16 (53.3) 0.158
Surfactant, n (%) 19 (63.3) 16 (56.6) 0.132
Invasive mechanical ventilation duration 2(0-5.3) 1(0-33) 0.15
(days), median (min-max)
Non-invasive mechanical ventilation
duration (days), median (min-max) 5(3-13) 6(2.8-12.5) 0.889
Stage > 2 NEC, n (%) 0 0 N/A*
Late onset sepsis, n (%) 5 (16.7) 6 (20.0) 0.217
HsPDA, n (%) 5 (16.7) 4 (13.3) 0.716
Stage 3 > ROP, n (%) 0 0 N/A
Stage 2 > IVH, n (%) 0 0 N/A
Exclusive breastfeeding, n (%) 21 (70.0) 23 (76.6) 0.771
Minimal enteral feeding duration (days), 28417 23409 0184
mean + SD
Feeding intolerance, n (%) 8 (26.6) 6 (20.0) 0.192
Full enteral feeding trans_ition duration 9 (7.8-11.1) 7 (63-92) 0.005
(days), median (min-max)
Hospital stay (days), mean £ SD 412 4+ 185 409 + 199 0.955
Mortality, n (%) 0 0 N/A

* N/A: Not Applicable.

3.1. Evaluation of srSO, and SCOR Alterations in Group 1 and Group 2

The feeding process was evaluated in three phases: minimal enteral nutrition (Phase 1),

advancing enteral feeding (Phase 2), and full enteral nutrition (Phase 3). In each phase,
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srSO; and SCOR measurements obtained during and after feeding were compared to
baseline (pre-feeding) values.

In Phase 1, srSO; and SCOR measurements showed no significant differences before,
during, or after feeding between Group 1 and Group 2 (p > 0.05) (Table 2). In Phase 2 and
Phase 3, an increase in srSO, and SCOR levels was observed in both groups, with a slightly
greater increase in Group 2; however, these findings did not reach statistical significance
(Phase 2 stSO, p = 0.07, 0.08; SCOR p = 0.06, p = 0.06; Phase 3 srSO, 0.06, 0.06, SCOR 0.07,
0.08) (Table 2). Furthermore, percentage changes in stSO, and SCOR from baseline during
and after feeding were evaluated in both groups, and these changes were significantly
higher in the rapid advancement group (Table 2).

Table 2. Comparison of srSO, and SCOR Values and Percentage Changes Between Slow and Rapid

Advancement Groups in Feeding Phases.

Groups 1 Groups 2 p

Phase 1

Pre-feeding (baseline) srSO, 57.51 +11.23 59.81 +12.82 0.13

During-feeding srSO; 59.14 +13.72  60.35 +14.06  0.26

After-feeding srSO, 59.08 £14.35 6042 +14.07 0.25

Percentage Change (baseline to during-after feeding) 2.78 + 0.86 2.54 £0.92 0.73

Pre-feeding (baseline) SCOR 0.71 £0.13 0.72 £ 0.12 0.12

During-feeding SCOR 0.75+0.25 0.76 + 0.27 0.23

After-feeding SCOR 0.76 £ 0.28 0.77 £0.24 0.29

Percentage Change (baseline to during-after feeding) 292 +1.34 3.53 £142 0.9
Phase 2

Pre-feeding (baseline) srSO, 59.34 + 5.74 60.61 + 6.62 0.42

During-feeding srSO; 62.45 +9.23 66.75 + 9.07 0.07

After-feeding srSO, 62.83 £9.53 66.92 + 8.85 0.08

Percentage Change (baseline to during-after feeding) 525 £2.16 10.14 +3.24 0.03

Pre-feeding (baseline) SCOR 0.74 £0.13 0.73 £ 0.12 0.96

During-feeding SCOR 0.81 £0.11 0.85 £ 0.11 0.06

After-feeding SCOR 0.81 £0.12 0.87 £0.12 0.06

Percentage Change (baseline to during-after feeding) 3.93 £2.34 11.97 +3.26 0.02
Phase 3

Pre-feeding (baseline) srSO, 62.26 + 4.93 62.74 + 4.46 0.71

During-feeding srSO; 69.94 1+ 6.63 72.75 + 5.07 0.06

After-feeding srSO, 69.75 + 6.87 72.84 £5.23 0.06

Percentage Change (baseline to during-after feeding) 12.42 £ 3.45 1591 £ 4.85 0.02

Pre-feeding (baseline) SCOR 0.70 £ 0.08 0.74 £ 0.07 0.77

During-feeding SCOR 0.84 £0.11 0.86 £ 0.08 0.07

After-feeding SCOR 0.83 £0.12 0.88 £ 0.07 0.08

Percentage Change (baseline to during-after feeding)  13.34 £ 5.21 16.04 + 5.41 0.04

3.2. Subgroup Analysis of srSO; and SCOR According to Feeding Tolerance vs. Feeding
Intolerance in Groups 1 and 2

All infants in the study were subgrouped according to feeding tolerance (feeding-
tolerant vs. feeding-intolerant), and srSO, and SCOR values were analyzed accordingly.
srSO; and SCOR calculations were performed by adjusting remaining factors as null
parameters including feeding tolerance, alterations during feeding period (before, during
and after), feeding phases, feeding volume (slow/rapid advancement), gestational age,
and birth weight.

3.3. 550 and SCOR Changes Across Feeding Phases in Groups 1 and 2 Based on Feeding
Tolerance vs. Feeding Intolerance

Feeding tolerance affected all measurements with extremely strong evidence (BF10 > 100,
p < 0.001) compared to feeding intolerance in both groups. After adjustment, feeding
intolerance continued to show a significantly decreasing effect on all measurements, with
very strong (BF10 > 30) and extremely strong (BF10 > 100, p < 0.01) evidence in both groups
(Table 3) (Figures 3 and 4).



Children 2025, 12, 1527

8 of 15

Table 3. Comparison of srSO; and SCOR Values Between Infants With and Without Feeding Intoler-

ance in Feeding Phases.

Feeding Intolerance

Feeding Tolerance

(n:14) (n:46) P

Phase 1
Pre-feeding (baseline) srSO, 48.53 £ 15.64 63.34 +9.04 0.008
During-feeding srSO; 4483 £ 16.46 65.65 + 9.12 0.001
After-feeding srSO, 43.84 + 16.42 65.91 + 9.06 <0.001
Pre-feeding (baseline) SCOR 0.57 £ 0.15 0.72 + 0.08 <0.001
During-feeding SCOR 0.54 £ 0.18 0.77 £ 0.09 <0.001
After-feeding SCOR 0.53 £ 0.165 0.77 £0.10 <0.001

Phase 2
Pre-feeding (baseline) srSO, 54.15 +5.73 6291 +5.17 <0.001
During-feeding srSO, 48.83 +7.52 66.34 £+ 5.08 <0.001
After-feeding srSO, 48.71 + 7.35 66.52 £+ 5.07 <0.001
Pre-feeding (baseline) SCOR 0.69 + 0.07 0.77 + 0.07 <0.001
During-feeding SCOR 0.68 = 0.06 0.80 & 0.07 <0.001
After-feeding SCOR 0.63 £ 0.09 0.84 £+ 0.06 <0.001

Phase 3
Pre-feeding (baseline) srSO, 60.25 + 4.42 63.51 + 4.53 0.035
During-feeding srSO, 58.23 + 4.15 68.16 + 4.47 <0.001
After-feeding srSO, 57.43 +£4.17 68.13 = 4.45 <0.001
Pre-feeding (baseline) SCOR 0.82 + 0.03 0.85 £ 0.084 0.165
During-feeding SCOR 0.74 + 0.05 0.82 + 0.09 <0.001
After-feeding SCOR 0.77 £ 0.05 0.88 £ 0.09 <0.001

3.4. Estimating Feeding Tolerance Using a Composite ROC-Based Chart

We built ROC analysis with GW, BW, srSO;, and SCOR results for feeding tolerance.
The prominent ROC results are presented in Table 4a.

Table 4. (a) Estimation of Feeding Intolerance Based on a Composite Metric Score. (b) srSO,,
gestational age, and SCOR values as the best predictors of feeding intolerance.

(@)

Cutpoint Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC Metric Score
0 100% 0% 21.43% NaN% 0.989 1
1 100% 54.55% 37.50% 100% 0.989 1.55
2 100% 90.91% 75% 100% 0.989 1.91
3 75% 100% 100% 93.62% 0.989 1.75
4 58.33% 100% 100% 89.80% 0.989 1.58

(b)
srSO, Baseline
Cutpoint Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
52 100% 66.67% 91.67% 100% 0.805
52.5 97.73% 66.67% 91.49% 88.89% 0.805
55 88.64% 75% 92.86% 64.29% 0.805
BW
Cutpoint Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
1180 84.09% 91.67% 97.37% 61.11% 0.918
1195 79.55% 100% 100% 57.14% 0.918
1205 77.27% 100% 100% 54.55% 0.918
1245 75% 100% 100% 52.17% 0.918
GW
Cutpoint Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
30 63.64% 100% 100% 42.86% 0.811
SCOR Baseline
Cutpoint Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
0.6318 0.9773 0.7500 0.9348 0.9000 0.8470
0.6322 0.9545 0.7500 0.9333 0.8182 0.8470
0.6353 0.9318 0.7500 0.9318 0.7500 0.8470
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Based on these findings, cut off values were determined as 30 weeks for gestational
age (GA), 1180 g for birth weight (BW), 52 for abdominal NIRS-derived srSO,, and 0.631 for
SCOR, as these thresholds provided the best sensitivity. Each parameter below its respective
cutoff value was assigned 1 point, indicating an unfavorable condition. Subsequently, a
new ROC analysis was conducted to assess the performance of this scoring model. A total
score of 2 points yielded the best performance, with 100% sensitivity and 90.9% specificity,
whereas 3 points provided maximum specificity with an acceptable level of sensitivity for
predicting feeding intolerance (Table 4b).

Feeding Intolerance i
70 Phase 1 B Feeding Tolerance
/)-_____—_:-:
X
o~
v
— .
w Feeding Volume
o 20 ccfkg
® 30 cc/kg
40
Before Feeding During Feeding After Feeding Before Feeding During Feeding After Feeding

70 Phase 2
P//—’tf‘
N 71/
Q X
v
—
’ J
Feeding Volume
O 20 cc/kg
® 30 cc/kg
40
Before Feeding During Feeding After Feeding Before Feeding During Feeding After Feeding

70 Phase 3 z—z

™~ 2
& l\’ Feeding Volume
W r i o 20cc/kg
— |
v - . ® 30cc/kg
50
Before Feeding During Feeding After Feeding Before Feeding During Feeding After Feeding

Figure 3. Cont.
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Feeding Status | Feeding Feeding Phase 1 Phase2  Phase3
Volume Tolerance
Before 20 cc/kg No 49.1+156 549+59 61.8%22
Feeding Yes 60.8:68 61.1x47 63.6:55
30 cc/kg No 474+179 52.4+x59 56.3%06.5
Yes 65.3+10.1 64.3+51 635%+35
During 20 cc/kg No 456+17.2 503+82 593+32
Feeding Yes 645+71 65.8+48 69.5%52
30 cc/ke No 432+17.1 459+56 55.6+54
Yes 66.6+105 66.6+52 66.9+3.2
After Feeding | 20 cc/kg No 443+174 496+84 585+3.0
Yes 649+71 66.1+47 695+52
30 cc/kg No 429+166 46.8+49 548158
Yes 66.8+104 66.8+53 669+3.2

Figure 3. Changes and mean values of srSO, measurements before (baseline), during, and after

feeding across Phases 1-3 in feeding-tolerant vs. feeding-intolerant groups for groups 1 and 2.
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Figure 4. Changes and mean values of SCOR measurements before (baseline), during, and after
feeding across Phases 1-3 in feeding-tolerant vs. feeding-intolerant groups for groups 1 and 2.

4. Discussion

In this study, we evaluated the effects of rapid and slow advancement of enteral
feeding on intestinal oxygenation in preterm infants. We found that both feeding strategies
increased intestinal oxygenation; although this increase was not statistically significant.
Nevertheless, the percentage change in both intestinal oxygenation and SCOR from baseline
to during and after feeding was significantly higher in the rapid advancement group,
particularly during the advancement phase and at full enteral feeding. These findings
suggest that rapid feeding advancement does not impair intestinal perfusion and may even
promote a more pronounced physiological response.

In this study, we found that enteral feeding increases metabolic demand and enhances
mesenteric blood flow through the superior mesenteric artery (SMA), resulting in post-
prandial hyperemia [16]. Fang et al. observed that increased SMA blood flow velocity was
associated with improved early enteral feeding tolerance in preterm infants, a result that
is consistent with the more pronounced increase demonstrated in the rapid advancement
group [25]. Similarly, Dix et al. [26] demonstrated an increase in postprandial intestinal
oxygenation among feeding-tolerant infants. In another study, da Costa [27] reported that
SCOR levels increased during enteral feeding in preterm infants without evidence of mesen-
teric ischemia. These results demonstrated that intestinal oxygenation increased in infants
receiving intermittent bolus feeding regardless of whether advancement was slow or rapid,
with a relatively greater increase observed in the rapid advancement group. Moreover, the
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percentage change was statistically significantly higher in the rapid advancement group.
These results suggest that rapid advancement of enteral feeding does not negatively affect
intestinal oxygenation; on the contrary, it appears to enhance it and does not reduce intesti-
nal oxygenation, which is an important indicator of feeding tolerance [28-30]. Previous
studies have shown that there are no differences in mortality or NEC between slow and
rapid advancement strategies; our results are consistent with these findings and further
strengthen the evidence supporting the safety of rapid advancement in this context [31].

In our study, infants with feeding intolerance had significantly lower srSO, and SCOR
levels compared with those who tolerated feeding, confirming that impaired intestinal
oxygenation plays a key role in feeding difficulties. The significantly lower gestational age
and birth weight observed in infants with feeding intolerance suggest that gastrointestinal
immaturity adversely affects intestinal oxygenation [28,29]. In this context, the absence
of significant differences between the two groups in other clinical characteristics known
to influence feeding further supports this finding. Dani et al. [32] also reported lower
splanchnic oxygenation and SCOR in infants with feeding intolerance, and Corvaglia
etal. [33] found reduced splanchnic oxygenation in preterm infants with feeding intolerance.
However, neither of these studies specifically addressed the rate of feed advancement. In
our study, we also found that splanchnic oxygenation and SCOR values were lower in
infants with feeding intolerance, independent of the rate of feeding advancement.

An important contribution of this study is the ROC-based prediction model we de-
veloped using gestational age, birth weight, stSO,, and SCOR values. The suggested
cutoff values (GA < 30 weeks, BW < 1180 g, srSO, < 52, SCOR < 0.6) demonstrated excel-
lent predictive power for feeding intolerance, with 100% sensitivity and 90.9% specificity
when >2 criteria were met. This model may help clinicians identify high-risk infants early
and guide individualized feeding strategies. In our cohort, no NEC was detected. Since
feeding intolerance can be a precursor of NEC, identifying infants with feeding intolerance
is crucial. Patel et al. [34] reported that intestinal oxygenation levels were lower in infants
who developed NEC and that NEC was observed in those with StO; < 56. Similarly, Paleri
et al. [35] demonstrated that NEC developed in preterm infants <28 weeks of gestation
with intestinal oxygenation <30%. As our study included infants between 28 and 32 weeks
of gestation, this may explain why NEC was not observed in our cohort. We suggest that
intestinal oxygenation <52 and a lack of increase or a decrease after feeding may serve as
early warning indicators for feeding intolerance or NEC. However, it should be acknowl-
edged that the ROC analysis represents a secondary analysis of the data, and its findings
should be interpreted with caution.

Our findings align with most reports indicating that rapid advancement of enteral
feeding reduces the time to achieve full enteral feeding without increasing the risk of NEC
or feeding intolerance. By demonstrating that rapid advancement does not adversely affect
intestinal oxygenation, our study provides additional evidence supporting its safety and
potential clinical benefit in preterm infants.

Limitations

A major limitation of this study is the exclusion of preterm infants born at <28 weeks
of gestational age, who are expected to have higher rates of feeding intolerance and
NEC. Additionally, infants who were small for gestational age or had intrauterine growth
restriction both conditions associated with increased feeding intolerance risk were not
included in the study.
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5. Conclusions

Intermittent bolus feeding in preterm infants increases intestinal oxygenation from
baseline during and after enteral feeding, and this effect was found to be more pronounced
with rapid advancement. No differences were observed in gastrointestinal adverse out-
comes between slow and rapid advancement of enteral feeding. In infants with feeding
intolerance, intestinal oxygenation remained lower than baseline throughout minimal
enteral feeding and the advancement phase, and this reduction persisted after feeding. The
findings of this study would be valuable if further investigated in future research involving
smaller preterm infants.
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