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ABSTRACT: Background: Infants undergoing surgery for congenital heart disease (CHD) are at high risk of
developing gastrointestinal dysfunction (GID). Although abdominal near-infrared spectroscopy (NIRS) for monitoring
tissue oxygen saturation (StO;) has shown clinical promise, its prognostic value remains to be fully elucidated. This
study aimed to identify the risk factors associated with postoperative declines in abdominal StO, and to evaluate its
correlation with clinical outcomes. Methods: A total of 439 infants undergoing cardiac surgery with cardiopulmonary
bypass between January 2024 and January 2025 were retrospectively enrolled. Continuous postoperative NIRS
monitoring was performed during the first 72 h of PICU admission, with the minimum abdominal StO, across four
predefined time points recorded. Clinical outcomes were compared between the low StO, group (<70%, n = 124) and
the adequate StO, group (>70%, n = 315). Binary logistic regression analysis was conducted to identify independent
risk factors for postoperative StO, decline, adjusting for covariates including prematurity, body weight, lactate, mean
arterial pressure, and oxygenation. Results: Compared with the StO, > 70% group, patients in the StO, < 70% group
were younger (with more neonates and preterm infants) and had lower body weights, lower oxygen saturation during
induction and immediately post-surgery, lower mean arterial pressure, lower PaO; and SpO,, and higher postoperative
arterial lactate (all p < 0.05). Multivariate logistic regression identified lower body weight (OR = 0.46, 95% CI: 0.34-0.62,
p < 0.01) and prematurity (OR = 2.96, 95% CI: 1.10-7.98, p = 0.03) as independent risk factors for postoperative
abdominal StO, decline. Although the overall incidence of early GID was 18.7% with no intergroup difference, patients
with reduced abdominal StO; experienced significantly prolonged mechanical ventilation, longer PICU and hospital
stays, and higher hospital costs (all p < 0.05). Conclusions: Low birth weight and prematurity predispose infants to
postoperative abdominal StO; decline after CHD surgery; this decline is associated with prolonged recovery times
and higher costs, though not significantly correlated with early GID.

KEYWORDS: Congenital heart disease; gastrointestinal dysfunction; splanchnic near infrared spectroscopy (NIRS);
abdominal tissue oxygen saturation

1 Introduction

Gastrointestinal dysfunction (GID) is common in critically ill pediatric patients. Compared with
those without gastrointestinal complications, they not only require extended intensive care unit (ICU)
care but also have higher mortality [1]. Congenital heart disease (CHD) exhibits unique anatomical
abnormalities and hemodynamic characteristics, often combining with the ischemia-reperfusion injury
induced by cardiopulmonary bypass (CPB) during cardiac surgery, potentially leading to hypoxic changes
in local or systemic tissues [2]. Newborns and infants with CHD are at an increased risk of developing
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necrotising enterocolitis (NEC), which is a severe complication of gastrointestinal dysfunction [3]. However,
the epidemiological data on GID in CHD and the association between GID and gastrointestinal ischemia-
hypoxia are scarce [4].

The lack of reliable gastrointestinal blood flow monitoring methods has long hindered evidence-based
management of neonatal circulatory failure related to the gut. With the advent of near-infrared spectroscopy
(NIRS) monitoring technology, increasing evidence suggests its potential for splanchnic NIRS monitoring
of abdominal oxygen saturation in both full-term and preterm infants [5]. This provides strong support for
NIRS’s critical role in elucidating intestinal hemodynamic physiological responses and detecting intestinal
hypoxia in infants [6,7]. However, the application of NIRS for monitoring intestinal tissue oxygen saturation
began relatively recently, with limited clinical trials investigating abdominal oxygen saturation [8-10]. To
date, most studies have focused on premature infants and newborns with NEC intestinal disorders, while
research on infants with CHD following GID remains scarce [11,12].

Our study proposes this innovative hypothesis: if monitoring for ischemia and hypoxia in the abdominal
mesenteric blood supply can predict the occurrence of mild GID, it may help avoid the development of
more severe NEC. The aim of this study was to identify high-risk factors for decreased abdominal tissue
oxygen saturation (StO;) in infants following CHD surgery and explore their correlation with GID and
other clinical outcomes.

2 Materials and Methods
2.1 Study Design and Patient Selection

This retrospective cohort study was reviewed and approved by the Local Ethics Committee of Fuwai
Hospital (approval number: 2023-2041) and conducted in accordance with the Helsinki Declaration. In-
formed consent has been obtained from the patient’s parents or guardians.

All neonates and infants who underwent cardiac surgery between January 2024 and January 2025 were
identified. Among them, only double ventricle patients who underwent cardiac surgery on CPB and were
younger than one year old were included for analysis. The exclusion criteria for the study were as follows:
patients with abdominal wall defects, intra-abdominal malformations, or other severe conditions that make
NIRS measurements inadvisable; those with pre-existing severe GID or NEC; requiring peritoneal dialysis
for 3 days after surgery; cases where crying or movement compromised data collection for more than 72 h
of NIRS measuring; Patients for whom parental or guardian consent cannot be obtained.

2.2 Data Collection

Clinical and social demographic data were collected from the patients’ medical records upon admission
to the unit. The preoperative variables included age, weight, preterm, primary diagnosis, whether ventilator
support was required, and cardiac function. In addition to the operative data, the study included emergency
surgery, CPB time, aorta cross clamp (ACC) time, lactate, and pulse oximetry saturation (SpO,). Variables
that may cause a decrease in StO; include hemodynamic parameters such as heart rate (HR), mean blood
pressure (MBP), partial arterial oxygen pressure (PaO;), the PaO,/FiO; (P/F) ratio, and laboratory data.
Information related to vasoactive medications was collected within 72 h after surgery. Postoperative death,
delayed chest closure, mechanical ventilation time, pediatric ICU (PICU) stay duration, hospitalization time,
and costs were recorded. GID was defined as the presence of at least one of the following gastrointestinal
problems documented during the first week of PICU stay: vomiting, high gastric residue volume (GRYV,
which is >50% of the previous 4 h of feeding), abdominal distention, gastrointestinal haemorrhage, and
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severe complications, including ileus and NEC [13]. All GIDs were recorded, including the number of
episodes and the day of presentation.

2.3 NIRS Measurements and Protocol

On arrival to the PICU from the operating room, a pediatric NIRS probe (Nonin Senmart) was placed on
the mid-abdomen below the umbilicus to avoid interference from the liver, and NIRS values were recorded
every 30 s in a blinded fashion. All pediatric patients admitted to the PICU within 72 h after cardiac surgery
underwent continuous NIRS monitoring. Four fixed time points for postoperative monitoring at 6 h, 12 h,
48 h, and 72 h after the surgery were selected for multiple data collection, with each measurement lasting
15 min. The average of stable values during each measurement period was recorded as the abdominal tissue
oxygen saturation level. The lowest value was selected as this patient’s minimum StO,. Subsequently,
patients were divided into two groups depending on whether they were below 70%. This data was extracted
retrospectively from charts.

2.4 Statistical Analysis

Quantitative variables are presented as mean + SD or median (IQR, Q1-Q3) in non-normally distributed
variables (Shapiro-Wilk test), and qualitative data are given as number and percentage. Normally distributed
data were analyzed using the 2-tailed Student’s ¢ test, and non-normally distributed data were analyzed
using the Mann-Whitney U test and the Wilcoxon signed rank tests. Categorical data were presented as
numbers (percentages) and analyzed using the Pearson y* and Fisher’s exact test as appropriate. Binary
logistic regression analysis was performed for the assessment of factors associated with decreased StOs.
Combined with previous studies, prematurity, weight, and specific CHD that affect abdominal blood
perfusion were included as covariates. Given that systemic circulation and oxygenation significantly impact
postoperative abdominal oxygen saturation, intraoperative oxygen saturation, which reflects preoperative
systemic oxygen supply, and the immediate postoperative lactate level, which indicates the influence of
CPB, were included. Mean blood pressure (MBP), lactate level, and the P/F ratio on postoperative day
were also selected to assess early postoperative effects. All the above variables were incorporated into a
multivariate logistic regression analysis. Considering potential strong correlations among variables, the
variance inflation factor (VIF) was applied to evaluate multicollinearity, with all less than 5 and ensuring
stable odds ratio estimation. All data were entered and analyzed using Statistical Packages for the Social
Sciences version 26 (SPSS, Chicago, IL, USA). The level of significance was set at p < 0.05.

3 Results

A total of 439 infants and neonates were enrolled in the clinical study. Of these, 124 cases (28.2%)
exhibited a decrease in abdominal oxygen saturation following cardiac surgery for CHD. The patients
were divided into two groups based on whether their abdominal tissue oxygen saturation was less than
70%. Perioperative variables that could potentially affect abdominal StO, were statistically analyzed. The
baseline and clinical data for both groups during the perioperative period are presented in Table 1.

3.1 Preoperative and Operative Characteristics of Infants and Neonates Undergoing Cardiac
Surgery on Cardiopulmonary Bypass

The preoperative variables listed in Table 1 were documented, including age at surgery, weight, and
whether the patient was a newborn or preterm. These were identified as highly predictive (p < 0.05) risk
factors for decreased StO, development. The median age of the StO; < 70% population was 1.5 months
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(IQR 0.4-4.5), with a mean weight of 4.2 &+ 1.3 kg. In contrast, the median age of the 315 patients with
StO, > 70% was 5 months (IQR 3-7), and their mean weight was 6.1 + 1.6 kg. The StO, < 70% group consisted
of 46 (37.1%) newborns and 22 (17.7%) preterm infants, with rates significantly higher than those in the
control group (8.6% and 7.9%, respectively; p < 0.05). Special anatomical anomalies, such as cyanotic CHD
(CCHD) and aortic arch abnormalities, showed a higher incidence in the decreased StO, group compared to
the normal group, although no statistically significant difference was observed (31.5% vs. 22.5%, 12.9% vs.
7.6%, p = 0.16). No significant differences in left ventricular systolic function were found between the two
groups. However, when assisted ventilation, including continuous positive airway pressure (CPAP) and
tracheal intubation, was applied, the incidence significantly increased in the decreased StO, group (21.8%
vs. 3.8%, p < 0.01).

Table 1: The differences in preoperative and perioperative indicators between CHD children with abdominal StO, >
70% and StO, < 70%.

Variables StO, > 70% (n = 315) StO, < 70% (n = 124) p-Value
Minimum StO, (%) 81.6 + 6.8 614 + 6.9 <0.01
Pre-operative data
Age at surgery (m) 5(3-7) 1.5 (0.4-4.5) <0.01
Weight (kg) 6.1+16 42413 <0.01
Newborn 27 (8.6%) 46 (37.1%) <0.01
Premature 25 (7.9%) 22 (17.7%) <0.01
Type of congenital heart disease —
Cyanotic 71 (22.5%) 39 (31.5%) 0.16
COA/IAA 24 (7.6%) 16 (12.9%) 0.16
STS-EACTS category 0.32
1 130 (41.3%) 48 (38.7%)
2 81 (25.7%) 34 (27.4%)
3 75 (23.8%) 24 (19.4%)
4 29 (9.2%) 18 (14.5%)
5 0 0
Ventilator support 12 (3.8%) 27 (21.8%) <0.01
LV EF (%) 67 + 8 68 + 10 0.80
Operative data
CPB (min) 114 + 47 122 £ 45 0.23
ACC (min) 74 + 32 78 + 32 0.43
Arterial lactate (mmol/L)
before CPB 1.1 (0.9-1.9) 1.4 (0.9-2.3) <0.01
after CPB 1.8 (1.2-2.4) 1.9 (1.2-3.8) <0.01
SpO,
before anesthesia (%) 97 +6 91+ 13 <0.01
after surgery (%) 99+3 95+8 <0.01

Mean + SD, Median (IQR, Q1-Q3), n (percentage%), COA: Coarctation of the aorta; IAA: Interrupted aortic arch; STAT: Soci-
ety of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery; LV EF: Left ventricular ejection fraction; CPB:
cardiopulmonary bypass; ACC: Aorta cross clamp time; SpO,: pulse oximetry saturation.

The operative data of pediatric patients revealed that there was no significant difference in CPB/ACC
time between the groups. During the operation, anesthesiologists dynamically monitored lactate levels and
transcutaneous oxygen saturation in the upper limbs. Both before CPB and after CPB, lactate levels were
higher in the StO, < 70% group (p < 0.01). The StO, < 70% group exhibited a significantly lower preoperative
SpO; of 91 + 13% compared to the normal group’s 97 + 6% (p < 0.01). Even after cardiac corrective surgery,
StO; levels between the two groups remained statistically significant (95 + 8% vs. 99 + 3%, p < 0.01).
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3.2 Hemodynamic Parameters within 72 h after Surgery

All pediatric patients admitted to the PICU within 72 h after cardiac surgery underwent continuous
NIRS monitoring. During this period, hemodynamic changes in the postoperative three days were shown
in Table 2. No significant statistical differences in cardiac function were observed between the two groups
(55 + 11% vs. 58 4+ 10%, p = 0.05). The results indicated that children in the StO, < 70% group at POD1
and POD2 had significantly higher heart rates, lower MBP, and decreased SpO, compared to those with
StOy > 70% (p < 0.01). After treatment and intervention adjustments, the between-group differences in HR
and SpO; disappeared on POD3. In contrast, the differences in MBP and P/F ratio persisted throughout the
first three postoperative days. Notably, lactate levels in the hypoxemia group increased at postoperative
day 1 (POD1) (1.5 vs. 1.0, p = 0.03), but the difference disappeared on the second and third postoperative
days. No significant differences in VIS score were observed at various time points between the groups.
However, within 72 h postoperatively, the StO; > 70% group showed a rapid decline in VIS score, while the
other group demonstrated a slight decline in VIS.

Table 2: Hemodynamic parameters within 72 h after surgery between CHD children with abdominal StO, > 70% and
St02 < 70%.

Variables StO, > 70% (n = 315) St0O, < 70% (n = 124) p-Value
LV EF% 55+ 11 58 £10 0.05
Hemodynamic parameters
HR
POD1 139 + 18 149 + 16 <0.01
POD2 139 £ 17 148 + 14 <0.01
POD3 140 + 20 145 + 16 0.06
MBP
POD1 63 +9 57+9 <0.01
POD2 64+ 8 57 £10 <0.01
POD3 64 +9 59 +7 <0.01
SpO;
POD1 97 £7 94 +7 <0.01
POD2 97+ 6 93 +12 <0.01
POD3 95 +9 93 + 12 0.14
P/F ratio
POD1 272 £ 67 176 + 49 <0.01
POD2 264 + 55 219 +43 0.04
POD3 270 + 69 223 £ 58 0.03
Arterial lactate (maximum, mmol/L)
POD1 1(0.8-1.4) 1.5 (1.1-2) 0.03
POD2 1.3 (0.9-1.9) 1.4 (1-2) 0.20
POD3 0.9 (0.7-1.2) 0.9 (0.8-1.4) 0.08
VIS (maximum)
12h 8.8+4.1 8.9 +43 0.8
24h 84 +4.1 8.7+ 4.0 0.62
48 h 7.4 + 3.8 8.3+4.2 0.10
72h 7.3+35 8.1+4.1 0.20

Mean + SD, Median (IQR, Q1-Q3), LVEF: Left ventricular ejection fraction; MBP: mean blood pressure; POD: postoperative day;
P/F ratio: PaO,/FiO, ratio; VIS: Vasoactive-inotropic score.

3.3 Multivariable Predictor Variables of Decreased StO;

Given the multiple factors affecting postoperative StO, decline in univariate analysis, we selected
representative reference variables from a clinical perspective and incorporated statistically significant
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univariate variables into multivariate analysis. Given that patients on POD1 were generally in a more
critical condition with overall higher VIS scores, we selected MBP, lactate, and P/F ratio on postoperative
day 1 for inclusion in the multivariate regression model. Binary logistic regression analysis revealed that
low body weight (OR = 0.46, 95% CI: 0.34-0.62, p < 0.01) and preterm (OR = 2.96, 95% CI: 1.1-7.98, p = 0.03)
were independent risk factors for decreased StO; in CHD patients (Fig. 1).

Adjusted OR(95% Cl) p value
weight- @+ 0.46 (0.34-0.62) 0.00
premature - @ 2.96 (1.10-7.98) 0.03
Sp02 before anesthesia - 4 0.97 (0.94-1.01) 0.09
Lactate after surgery - 9 1.02 (0.84-1.24) 0.81
P/F ratio on POD1 - ® 0.99 (0.98-1.00) 0.17
Lactate on POD1 - @ 0.86 (0.66-1.11) 0.25
MBP on POD1 - P 0.97 (0.93-1.01) 0.18
special CHD(cycanotic/COA)- = @I -~ 0.90 (0.34-2.38) 0.84
0 ; 2 4 6 8

Figure 1: Multivariable predictors of decreased abdominal tissue StO, in CHD patients after cardiac surgery.
3.4 Relation with StO; and Clinical Outcomes in CHD Patients

A total of 82 patients (18.7%) developed one or more GIDs during the first week of their PICU admission.
Of the patients who developed GIDs, 38 (46.3%) developed gastrointestinal haemorrhage, 24 (29.3%) abdom-
inal distention, 11 (13.4%) GRYV, 7 (8.5%) patients developed vomiting, and 2 cases in the StO, < 70% group
developed NEC, which improved with conservative medical treatment. Variables such as anticoagulants,
analgesics, and sedatives, combined with antibiotics and vasoactive drugs, which are considered to affect
GID, were compared, but no significant difference. However, the incidence of GID was also not significantly
different between the two groups (18.5% vs. 18.7%, p = 0.84) (Table 3).

Table 3: Postoperative complications and clinical outcomes between CHD children with abdominal StO, > 70% and
StOz < 70%.

StO, > 70% (n = 315) StO, < 70% (n = 124) p-Value
Gastrointestinal dysfunction 59 (18.7%) 23 (18.5%) 0.84
gastrointestinal haemorrhage 27 (8.6%) 11 (8.9%) -
abdominal distention 19 (6.0%) 5 (4.0%) -
GRV 8 (2.5%) 3 (2.4%) -
Vomiting 5(1.6%) 2 (1.6%) -
NEC 0(0) 2 (1.6%) -
Death 3 (1%) 1(0.8%) 0.78
ECMO 3(1%) 3 (2.4%) 0.12
Mechanical ventilation time (hours) 22 (14.5-26.2) 35 (24.3-72.8) 0.02
ICU stay time (days) 5 (4-10.5) 11.5 (5.3-16.9) <0.01
Hospital time (days) 15 (11.2-20.6) 20 (14.4-26.3) <0.01
Hospitalization costs (10,000 CNY) 10.5 (8.5-13.8) 13.5 (10.8-18.9) <0.01

Median (IQR, Q1-Q3), n (percentage%), GRV: gastric residue volume; NEC: necrotizing enterocolitis; ECMO: extracorporeal
membrane oxygenation; ICU: Intensive care unit.
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Intensive care mortality and use of ECMO were not different between the two groups (p > 0.05).
Decreased StO, was associated with a significantly longer duration of mechanical ventilation (22 h vs. 35 h,
p =0.02), prolonged the ICU stay (5 days vs. 11.5 days, p < 0.01), hospital stay (15 days vs. 20 days, p < 0.01),
and much higher costs (10.5 vs. 13.5 10,000 CNY, p < 0.01) (Table 3, Fig. 2).
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Figure 2: Postoperative outcomes and complications of the two patient groups were presented, including mechanical
ventilator time, ICU time, hospital stay duration, and hospitalization costs. The numerical values represent the median
of the variables in each group.

4 Discussion

Here, the study describes changes in postoperative abdominal StO, for neonates and infants who
underwent CHD surgery on CPB. Our study shows that the incidence of decreased StO, lower than 70%
was higher than that of CHD, which was about 28.2%. Similar to other research populations, we found
that lower weight and preterm infants in this special population of CHD often experienced a significant
decrease in abdominal oxygen saturation in the early postoperative period. Our findings demonstrate that
decreased abdominal StO; represents a relevant clinical predictor of poor clinical prognosis, as evidenced
by longer mechanical ventilation, hospitalization, and PICU stay, along with higher costs. Additionally, the
group showed higher VIS and a slow declining trend within 72 h post-surgery, although no statistically
significant differences were observed between the two groups.

Given the possible role of impaired intestinal perfusion, especially in infants with CHD, NIRS may be
a promising tool for the early detection of hypo-perfused states leading to a greater risk of NEC after CHD
repair [14]. To date, only small studies have trialed the use of splanchnic NIRS as a surrogate marker of
impaired intestinal oxygenation and assessed the relationship between regional splanchnic oximetry (rSO3)
values and NEC or the clinical prognosis [15,16]. However, few studies have explored the risk factors for
decreased abdominal oxygen saturation after CHD surgery. Besides, detecting real splanchnic oxygenation
using NIRS can be challenging due to the potential variability in recordings and low reproducibility.

Robust reference values and their associated variations for regional tissue oxygen saturation measured
by NIRS must be firmly established before routine clinical adoption can be implemented in patients. Several
studies have defined normal values or established centile charts [17,18]. However, these values may vary
depending on the device, sensor, study population, and/or measured body sites. Coupled with the relatively
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small existing cohorts and the use of a wide range of epochs for StO, averaging, the possible influencing
factors listed above represent a common limitation in current literature on abdominal NIRS monitoring
in the neonatal population. This could have contributed to the challenge of defining normal StO, values.
Bailey et al. measured the normal values of visceral oxygen saturation in full-term newborns, and exhibited
a mean intestinal tissue oxygen saturation of 69.9 + 12.1 on the first postnatal day [19]. Our earlier
dataset, a preliminary experimental analysis involving 300 infants under 1 year old with CHD, revealed a
mean preoperative abdominal StO;, of 75.2 + 11.4. Based on these findings, we define decreased StO; in
CHD infants as less than 70%. Previous studies have highlighted that monitoring visceral oxygen reveals
significant inter-individual variability in newborns, in contrast to the low variability of cerebral oxygen
saturation. This fluctuation pattern can complicate the establishment of reference values. To minimize
the impact of StO, variability on data analysis and interpretation, we adopted the shorter data averaging
interval proposed for continuous StO, monitoring and measurements over the anterior abdominal wall,
rather than flank rSO,.

In our patients, 18.7% developed GID, of whom only two detected NEC in the decreased StO; group.
There was no significant correlation between GID and abdominal oxygen saturation. We believe this may
be due to substantial differences between our study population and previous research: the age range was
expanded from newborns to 1-year-olds. Secondly, in outcome variables, postoperative gastrointestinal
dysfunction symptoms occurred one week later, with infants exhibiting mild manifestations such as simple
gastrointestinal bleeding, vomiting, and abdominal distension. The incidence of postoperative NEC is
relatively rare, suggesting that gastrointestinal ischemia may not have caused significant local blood flow
impairment detectable through StO; monitoring. Preliminary evidence from existing neonatal studies
indicates that mesenteric oxygenation monitoring may hold greater potential value for early detection of
intestinal ischemia and NEC. Therefore, for simple feeding intolerance in older infants, NIRS monitoring of
abdominal oxygen saturation may have certain limitations in predicting mild gastrointestinal dysfunction.
Finally, while some studies have found that abdominal oxygen saturation values fluctuate between 32-66%
after NEC in preterm infants, data on abdominal oxygen saturation in other populations, such as those with
CHD and full-term infants with NEC, remain relatively scarce. In our study, the normal value of abdominal
oxygen saturation in CHD patients after cardiac surgery was defined as 70%. This present study suggests
the need for further investigation and discussion in order to explore the use of StO; measurement by NIRS
to assist patient status and monitor patient trends for early prediction of cardiac GID.

The aim of neonatal intensive care and monitoring is to ensure adequate organ perfusion and oxy-
genation, prevent injury, and promote normal development in critically ill newborns. However, standard
non-invasive monitoring techniques do not offer insights into regional tissue oxygen saturation, oxygen
delivery, or oxygen consumption. NIRS measurement of rSO; reflects the local hemodynamic status, but
this metric alone cannot directly assess regional perfusion. To accurately interpret changes in rSO,, it
must be combined with arterial Oxygen Saturation (5a0;) and NIRS monitoring data. Consequently, we
meticulously documented hemodynamic parameters in the early postoperative period to aid in the rational
interpretation of regional perfusion and hemodynamic status in pediatric abdominal intestinal tissues
following cardiac surgery.

Infants exhibiting reduced StO; in the early postoperative phase frequently displayed tachycardia and
hypotension, suggesting potential systemic hypovolemia or cardiac insufficiency. Furthermore, within 72 h
post-surgery, both SpO;, and P/F ratio were lower than in the control group, indicating a possible systemic
oxygen supply deficiency. The lactate level on POD1 was significantly higher, suggesting a marked increase
in tissue oxygen consumption. Additionally, the VIS score in the early postoperative period of this group
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was higher and exhibited a slower decline, indicating a greater reliance on vasoactive drugs and volume
distribution adjustments. However, after treatment, lactate levels normalized by the second and third
postoperative days without significant differences. Researchers discovered that abdominal NIRS monitoring
facilitates early detection of low cardiac output syndrome (LCOS) following cardiac surgery, with persistent
NIRS values below 58% serving as a reliable predictor of LCOS [20]. Thus, our study findings suggest
that postoperative decreased abdominal oxygen saturation can reflect and predict local tissue perfusion
and systemic oxygen supply in pediatric patients. PICU physicians should be fully attentive to this and
intervene early for diagnosis and treatment.

5 Limitations

There are several limitations that merit discussion. First, this was a retrospective single-center study
with a relatively small sample size, which inherently carries a risk of selection bias and limits the generaliz-
ability of our findings. Second, unlike brain tissue, the mesenteric region contains multiple structures (such
as the large and small intestines, ureters, and bladder). Consequently, conditions like urinary retention
and meconium, which is rich in bilirubin and interferes with light absorption, may affect StO, measure-
ments and introduce bias. Third, we grouped patients based on the lowest StO;, value recorded within
72 h post-surgery, rather than employing time-weighted trend analysis. Given that the lowest StO; may
coincide with specific interventions (e.g., fluid boluses or vasopressor adjustments), this approach does not
fully capture the dynamic nature of splanchnic oxygenation; longitudinal trend monitoring might offer
more clinically actionable insights. Fourth, we did not include patients with single-ventricle physiology, a
population at particularly high risk for gastrointestinal complications, which restricts the applicability of
our results to broader CHD cohorts. Fifth, enteral feeding status, an important confounder that directly
influences splanchnic blood flow, was not consistently recorded or adjusted for in our multivariate models.
Sixth, the definition of GID used in this study was intentionally broad and included subjective variables
such as vomiting and high gastric residual volume. This may have diluted the association between regional
hypoxia and clinically significant gastrointestinal injury, and the low incidence of NEC in our cohort
further limited statistical power to detect meaningful subgroup differences. Finally, the selected cut-off of
70% for defining decreased StO; was derived from a preliminary internal analysis and requires external
validation across different NIRS devices and diverse patient populations before routine clinical adoption
can be recommended.

6 Conclusions

In infants with CHD after cardiac surgery, lower body weight and prematurity are independent risk
factors for decreased abdominal StO,. Reduced StO; is significantly associated with prolonged mechanical
ventilation, extended ICU and hospital stays, and increased costs. However, we found no statistically
significant correlation between StO, < 70% and the occurrence of GID, suggesting that abdominal NIRS
may better reflect systemic hemodynamic instability than predict mild gastrointestinal dysfunction in this
population.
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