Journal of Pediatric Health And Nutrition

D
(jpen

Factors Impacting Nutritional Status in Infants with
Single Ventricle Physiology

Mark Gormley'", Emily Behling', Rebecca Frees?, Kavisha Shah®, Stacie
Knutson®, Nathan Rodgers3 , Melissa S. Engel3, Shanti Narasimhan®

Research Article
Open Access &
Peer-Reviewed Article

DOI: 10.14302/issn.2691-5014.jphn-25-
5577

Corresponding author:

Mark Gormley, Blaisdell Ave, Apt 6, Minne-
apolis, MN, 55408.

Keywords:

Single ventricle, supplemental oxygen,
nutrition, cardiac surgery

Received: June 06, 2025
Accepted: June 19, 2025
Published: December 22, 2025
Academic Editor:

Fatih Ozcelik, University of Health Sciences
Turkey, Hamidiye Etfal Training and Educa-
tion Hospital, Department of Biochemistry

Citation:

Mark Gormley, Emily Behling, Rebecca
Frees, Kavisha Shah, Stacie Knutson et al.
(2025) Factors Impacting Nutritional Status
in Infants with Single Ventricle Physiolo-
gy. Journal of Pediatric Health And Nutri-
tion - 1(4):17-29. https://doi.org/10.14302/
issn.2691-5014.jphn-25-5577

'Blaisdell Ave, Apt 6, Minneapolis, MN, 55408
*Fairfax Ave, Norfolk, VA 23507
3Delaware St SE, Minneapolis, MN, 55455

Abstract

Infants with single ventricle (SV) physiology are at increased risk of
undernutrition, which can contribute to adverse outcomes. This is a
retrospective case series examining factors associated with undernutrition in
patients with SV physiology at one year of age. It includes 56 infants from a
single institution who underwent SV palliation between 2003 and 2023.
Undernutrition was defined as a weight-for-length z-score (WLZ) below -1,
based on World Health Organization (WHO) normative data. Independent
variables included surgical interventions, cardiorespiratory factors, and
nutritional interventions. Associations between these variables and nutritional
status were assessed using Fisher’s exact test. At one year, a total of nine
infants (16%) were undernourished. Undernutrition rates significantly
declined after 2013 (p=0.02), demonstrating improvements in nutritional
outcomes over our study period. Those who used supplemental oxygen or
pulmonary medications were undernourished at lower rates. While this
difference was not statistically significant, the number of undernourished
patients in the cohort may have limited the study’s power. Our findings
suggest that early respiratory interventions may provide nutritional benefits in

infants with SV physiology.
Introduction

Single ventricle (SV) physiology refers to a form of severe congenital heart
disease (CHD) characterized by the presence of only one functional or
anatomic ventricle', which accounts for nearly 10% of all congenital heart
defects®. This heterogeneous condition arises from various embryological

malformations.

Children with a SV typically undergo a series of palliative surgeries to
optimize systemic and pulmonary blood flow, often including a Norwood

procedure and bidirectional Glenn (BDG) procedure followed by a Fontan
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procedure®. Despite advances in care for SV patients, these patients continue to face significant chal-

lenges, including difficulty achieving adequate nutritional status[3,4,5,6,7].

Nutritional status can be quantified using weight-for-length z-score (WLZ) which is a measure of a
patient’s weight and length compared to the average child’s of the same age. Undernutrition, specifical-

ly wasting, can be defined as WLZ below -1 or dropping major age-indexed z-scores[4,8,9,10].

Nutritional outcomes in SV physiology are thought to be impacted by factors such as surgical interven-
tions, prolonged hospital courses, lengthy sedations, surgical complications, abnormal hemodynamics,
hypoxemia, frequent respiratory infections, hypermetabolic needs, and oral-motor feeding difficulties
[3,5,6,11].

Undernourished patients have poorer surgical recovery, neurodevelopmental outcomes[12,13,14,15],
and heightened risk of social, emotional, and attention impairments'®. Micronutrient deficiencies in
undernourished patients contribute to immune dysfunction, increasing rates of postoperative infections
and delayed wound healing'’. Malnourished infants with a single ventricle also face longer hospitaliza-

tions compared to well-nourished peers, independent of hemodynamic or echocardiographic indices'®.

Despite wide recognition of undernutrition among this population, there is limited research examining
the factors that impact these patients’ growth. Most existing literature focuses on nutritional status at

4,5,19

the time of the Glenn procedure or earlier’, leaving a gap in understanding how longer-term varia-

bles, such as surgical timing and other perioperative factors, impact growth outcomes.

This study was designed to identify factors associated with undernutrition at 12 months of age in in-
fants with SV physiology. By analyzing an extended period of nutritional and clinical data, this re-
search aims to clarify the variables that predict poor nutritional outcomes and provide insights to guide
earlier interventions for those at greatest risk of undernutrition. Understanding the way in which these
factors affect nutritional outcomes is critical to improve long-term outcomes for this vulnerable popula-

tion.
Materials and Methods
Participants

This was a retrospective case series of all patients with SV physiology treated at the University of Min-
nesota Medical Center between 2003 and 2023. The study was approved by the Institutional Review
Boards (IRB) at the University of Minnesota and at Eastern Virginia Medical School. Patients were
identified using the UMN Single Ventricle (SV) database. A waiver of individual patient consent was
approved, and patients who declined to participate in research were excluded. Exclusion criteria includ-
ed unavailable nutritional data between nine months and 15 months, chromosomal anomalies, and

those deceased before one year of age.
Measurements

Anthropometric measurements, including weight-for-age (WAZ), length-for-age (LAZ), and weight-for
-length z-scores (WLZ), were recorded closest to one year of age using World Health Organization
(WHO) growth charts. Undernutrition categories reflected WHO child growth standards, with WLZ of
-1 to -2 designating mild undernutrition, -2 to -3 designating moderate undernutrition, and less than -3
designating severe undernutrition[8,9]. A decrease of two major age-indexed z-scores was classified as
moderate undernutrition and a decrease of three z-scores was classified as severe undernutrition[8,9].

The primary outcome measure was undernutrition.
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Variables investigated included surgical interventions, surgical complications, hospital course, cardi-
orespiratory factors, and nutritional interventions. Demographic information, including gender and self-

1dentified race, was also collected.
Data Analysis

Participant demographic and clinical characteristics were summarized using mean (SD) for continuous
variables and count (%) for categorical variables, overall and by nutrition status. Fisher’s exact tests for
categorical variables and t-test for continuous variables were used to identify variables associated with
nutrition status. All p-values were two sided and statistical significance was considered at the level of
0.05. Analyses were conducted in R (R Core Team (2024)), version 4.4.1.

Results

During the study period, 83 patients underwent single ventricle palliation. Of these, 27 were excluded.
Twenty-five patients were excluded based on the exclusion criteria described above and two patients
underwent orthotopic heart transplant prior to one year and were also excluded from final data analysis.

As a result, there were 56 total patients included in analysis (see Figure 1).
Anthropometric data

Nine patients (9/56, 16%) met WHO criteria for undernutrition. Six had mild undernutrition, three had

moderate undernutrition, and none had severe undernutrition. Sex at birth and identified race were not

83 infants who
underwent single
ventricle palliation
during study period

27 excluded
(chromosomal
» anomalies, insufficient
nutrition data, transplant
prior to one year)

r

56 infants in final data

analysis
6 with mild 3 with moderate None with severe
undernutrition undernutrition undernutrition
(WLZ-1to-2or (WLZ -2 to -3 or (WLZ<-3or
decline in WLZ decline in WLZ decline in WLZ
by 1to 2) by 2 to 3) by =3)

Figure 1. Study inclusion flowchart with undernutrition (specifically wasting) prevalence amongst our study
population using World Health Organization (WHO) weight-for-length z-score (WLZ).
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associated with undernutrition. A greater proportion of patients identified as undernourished were born
prior to 2013 (7/9, 78%), compared to those born after 2013 or in the second half of our study period
(2/9, 22%, p=0.02). Further patient characteristics are demonstrated in Table 1.

Hospital courses and surgical management

Three infants (5%) were born preterm, and eight (15%) were born small for gestational age (SGA). Du-
ration of initial hospitalization ranged from two days (in four patients without prenatal diagnosis) to 417
days. There was a median two-day duration of mechanical ventilation during initial hospitalization, with
a range of 0 to 417 days. Median readmission rate within the first year was four. Neither duration of

initial hospitalization nor hospital readmission rate was associated with nutrition status.

Initial surgical intervention varied widely (see Table 1), with twenty four patients (43%) undergoing
Norwood procedure. Twelve patients had pulmonary artery (PA) banding, 33% of which were under-
nourished. This is compared to 11% of patients who did not have PA banding (p=0.09). Eight patients
had a bidirectional Glenn (BDG) procedure as their first stage of palliation.

BDG was completed at a median age of 7 months (range 3-28 months). Of those who underwent BDG
after 6 months, 25% were undernourished at one year, versus 7.4% of those with BDG prior to 6
months (p=0.14). At one year of age, 45 patients (80%) had undergone BDG, with one patient status-
post Kawashima procedure. Completion of BDG or Kawashima prior to one year was not associated

with nutrition status.

Surgical complications in the first year included vocal cord paresis (n=12), diaphragmatic paralysis

(n=5), and chylothorax (n=7). None of these variables were associated with undernutrition.
Nutritional support

Infants’ nutritional source included strictly formula (48%), strictly breast milk (16%), and combination
breast milk and formula (36%). Source of nutrition was not related to nutrition status. Gastrostomy tube
(G-tube) placement occurred prior to one year in 28 infants (50%). Neither fortification above 20 kcal/

0z (p=0.71) nor G-tube placement (p=1.0) were associated with nutrition.
Cardiac variables

Twenty-nine patients (52%) had systemic right ventricular morphology and 27 patients (48%) had left
ventricular morphology. A comprehensive list of cardiac diagnoses can be seen in Table 2, but included
most commonly hypoplastic left heart syndrome (n=20, 36%), tricuspid atresia (n=9, 16%), and double
inlet left ventricle (n=9, 16%). Neither ventricular morphology nor cardiac diagnosis was associated

with nutrition status.

Echocardiographic variables included depressed systemic ventricular systolic function on echocardio-
gram closest to 6 months (n=3) and 12 months (n=6), aortic arch gradient >20 mmHg (n=5), and pres-
ence of atrioventricular valve regurgitation (n=14). There was no statistically significant association

between these variables and nutrition status.

Hemodynamic variables were measured during cardiac catheterization. Thirty-two infants (57%) had
cardiac catheterizations documented within the first year, the majority of which were pre-Glenn cathe-
terizations. These hemodynamic variables can be visualized in Table 2. Pulmonary hypertension, de-
fined by transpulmonary gradient >6 mmHg during cardiac catheterization20, was identified in 10 in-

fants (18%) prior to one year.

Respiratory variables

©2025 Mark Gormley, et al. This is an open access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and build

upon your work non-commerecially.


http://www.openaccesspub.org/

Y .
Journal of Pediatric Health And Nutrition (jpew

Table 1. Characteristics of study subjects. DORV = double outlet right ventricle, LV
= left ventricle, AV = atrioventricular, TGA = transposition of the great arteries, i
BTT = Blalock-Taussig-Thomas, PDA = patent ductus arteriosus, PA = pulmonary
artery, BDG = bidirectional Glenn.

Patient characteristics

Sex

Male 36 (64%)
Female 20 (36%)
Race

White 38 (68%)
Black/African American 10 (18%)
Asian 4 (7%)
American Indian 2 (4%)
Hispanic/Latino 1 (2%)
Mixed race 1 (2%)
Cardiac diagnosis

Hypoplastic left heart syndrome 20 (36%)
Tricuspid atresia 9 (16%)
Double inlet left ventricle 9 (16%)
Hypoplastic right ventricle 5 (9%)
DORYV with LV hypoplasia 5 (9%)
Unbalanced AV canal defect 4 (7%)
L-TGA with pulmonary atresia 2 (4%)
Ebstein anomaly 1 (2%)
D-TGA with pulmonary atresia 1 (2%)
Neonatal surgery

Norwood procedure total 24 (43%)
With BTT shunt 5 (9%)
With Sano shunt 14 (25%)
With PDA stent 4 (7%)
With PA banding 1 (2%)
Isolated pulmonary artery banding 5(9%)
Isolated BTT, Sano, or central shunt 19 (34%)
No neonatal surgery 8 (14%)
Surgical complications

Diaphragmatic paralysis 5 (9%)
Vocal cord paresis 12 (21%)
Chylothorax 7 (13%)
Primary nutrition source

Breastmilk 9 (16%)
Formula 27 (48%)
Combination 20 (36%)
Fortification

>24 kcal/oz 39 (71%)
<24 kcal/oz 16 (29%)
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Missing 1

Median age at initial discharge in days 325
Median hospitalizations by 12 months [range] 4.0[1, 10]
Median age at BDG in months [range] 73, 28]
BDG or Kawashima by one year 46 (82%)
Pacemaker dependence 2 (4%)
Tracheostomy dependence 3 (5%)
At home oxygen use 9 (16%)
G-tube placement 28 (50%)

Table 2. Fisher’s exact analysis with undernourishment status as dependent variable. MAPCAs =
major aortopulmonary collateral arteries, BDG = bidirectional Glenn, BTT = Blalock-Taussig-
Thomas, PGE = prostaglandin E, AV = atrioventricular, Qp:Qs = ratio of pulmonary blood flow
(Qp) to systemic blood flow (Qs), VEDP = ventricular end-diastolic pressure, VO2 = volume of
oxygen (a marker of oxygen consumption), PVR = pulmonary vascular resistance.

Undernourished | Not undernour- | p-value

Total study population 9(16%) 47 (84%)
Demographic variables
Born prior to 2013 7 (30%) 16 (70%) 0.02
Male sex 8 (22%) 28 (78%) 0.14
White race 5(13%) 33 (87%) 0.45
Cardiac variables
Right ventricular morphology 5(17%) 24 (83%) 1
Heterotaxy 0 (0%) 7 (100%) 0.58
Hypoplastic left heart syndrome |3 (15%) 17 (85%) 1
MAPCAs 3 (11%) 25 (89%) 0.47
BDG after 6 months 7 (25%) 21 (75%) 0.14
BTT shunt (vs Sano shunt) 2 (11%) 17 (89%) 0.7
Pulmonary artery banding 4 (33%) 8 (67%) 0.09
Pulmonary hypertension 0 (0%) 10 (100%) 0.19
PGE-dependent 5(12%) 36 (88%) 0.23
Systolic dysfunction at 6 months |1 (33%) 2 (67%) 0.37
Systolic dysfunction at 12 months |2 (29%) 5(71%) 0.25
Aortic arch gradient >20 mmHg |1 (11%) 4 (80%) 1
Mild or greater AV regurgitation |2 (14%) 12 (86%) 1
Qp:Qs>1 1 (7%) 14 (93%) 1
Mean right atrial pressure >10{0 (0%) 10 (100%) 1
Systemic VEDP >10 mmHg 0 (0%) 10 (100%) 1
VO2 >160 mL/min/m2 1 (11%) 8 (89%) 0.48
PVR >3 iWU 0 (0%) 2 (100%) 1
Cardiac index <3 L/min/m2 0 (0%) 11 (100%) 0.53
Respiratory variables
Home supplemental oxygen 0 (0%) 9 (100%) 0.33
Tracheostomy 0 (0%) 3 (100%) 1
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Respiratory variables

Home supplemental oxygen 0 (0%) 9 (100%) 0.33
Tracheostomy 0 (0%) 3 (100%) 1
Pulmonology follow-up 3 (19%) 13 (81%) 0.7
Pulmonary medication use 3 (9%) 29 (91%) 0.15
Vocal cord paresis 0 (0%) 12 (100%) 0.18
Diaphragmatic paresis 1 (20%) 4 (80%) 1
Tracheobronchomalacia 0 (0%) 7 (100%) 0.58
Hypoxemia <70% 1 (50%) 1 (50%) 0.12

Neurologic variables

Hypoxic ischemic encephalopathy |3 (21%) 11 (78%) 0.4
Seizure disorder 0 (0%) 5 (100%) 0.58
Intraventricular hemorrhage 1 (20%) 4 (80%) 1

Gastrointestinal variables
Necrotizing enterocolitis 0 (0%) 4 (100%) 1
Gastroenterology follow-up 2 (18%) 9 (82%) 1

Feeding variables

Primarily breastfed 1 (11%) 8 (89%) 1
Fortification to 24 kcal/oz or more |6 (15%) 33 (85%) 0.71
G-tube placement 4 (14%) 24 (86%) 1

Other variables

Genetic syndrome 3 (75%) 1 (25%) 0.01
Speech therapy follow-up 5 (14%) 32 (86%) 0.47
Preterm birth 0 (0%) 3 (100%) 1
Small for gestational age 0 (0%) 8 (100%) 0.58
Hypothyroidism 0 (0%) 4 (100%) 1

Nine infants (16%) required home supplemental oxygen: five via low-flow nasal cannula, three via
tracheostomy, and one via continuous positive airway pressure (CPAP). None of these infants were
undernourished at one year (p=0.33). There was no association between nutrition status and systemic
hypoxemia (oxygen saturation <70%) during cardiac catheterization (n=2, p=0.12). Sixteen infants had
regular pulmonology follow-up, and 32 received pulmonary medication during the first year of life.
The most commonly used medications were short-acting beta-2 agonists, followed by inhaled cortico-

steroids and pulmonary vasodilators.

Pulmonology follow-up slightly declined over time: 35% of infants born prior to 2013 had outpatient
visits, compared to 24% of those born in 2013 or later (p=0.39). Nutritional status was not significantly

associated with pulmonology follow-up (p = 0.71).

Among those who used pulmonary medications, 9.4% were undernourished, versus 25% among those
that did not (p = 0.15). There were no significant associations between undernutrition and use of bron-

chodilators (p = 0.41) or pulmonary vasodilators alone (p = 0.37).
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Discussion

The rate of mild undernutrition in our study population was 16% (WLZ < -1), while the rate of moder-
ate to severe undernutrition was 5% (WLZ < -2). These rates are substantially lower than previously
reported figures (18-24%) for moderate to severe undernutrition amongst this patient population[5,14].
Below average WLZ (defined as a negative z-score) was present in 50% of patients, which is by defini-
tion consistent with the average global rates based on WHO data. Our study also demonstrated that
there has been improvement in nutrition status for infants with SV over the past 10 years at our institu-
tion (p=0.02). This progress may be attributed to various factors, such as global improvements in SV
patient care, advances in surgical techniques, enhanced nutritional monitoring, and refinements in mul-

tisystemic support strategies.

Demographic factors were not associated with nutrition among our sample population. Prior studies
have demonstrated impaired growth for “non-Caucasian” patients at time of BDG4. While our study
did not demonstrate similar associations, race as a social construct can have profound impacts on mor-
bidity and mortality in CHD*'. The impact of race and socioeconomic status requires ongoing investi-

gation to address persistent disparities, particularly as methods for collecting race data evolve.
Nutritional interventions

The benefits of nutritional interventions for patients with congenital heart disease have long been rec-
ognized. Previous studies on patients with SV physiology have shown that fortification[5,7,23] and
enteric tube use are associated with better nutritional outcomes. Other studies[12,19] align more close-
ly with our findings, which did not reveal similar associations. This discrepancy may reflect early and
appropriate nutritional interventions such as fortification for infants during our study period. Breast-
feeding is thought to protect against malnutrition®, partly because the composition of breast milk aligns
with the caloric needs of infants according to their gestational age. About 52% of the cohort received

regular breast milk, and no such association was demonstrated.
Cardiac variables

Although the cardiac variables examined did not significantly impact nutritional status, several note-
worthy associations were observed. It is widely recognized that catch-up weight gain occurs most nota-
bly after BDG[7,14,22]. Early surgical intervention is thought to provide benefits through early elimi-
nation of volume overload and cyanosis®. Although not statistically significant, a higher percentage of
infants who underwent BDG after 6 months were undernourished compared to those who underwent
the procedure earlier. This likely reflects improved catch-up growth following BDG, potentially due to
a decreased metabolic rate resulting from the ventricular offloading that BDG provides. Improved oxy-

genation may also play a role.

Although right ventricular morphology was not significantly associated with nutritional status, a greater
proportion of these patients had negative WLZ scores compared to those with left ventricular morphol-
ogy (62% vs. 37%). Prior studies have demonstrated that those with morphologic right ventricles are
more prone to ventricular dysfunction[24,25], which may have long-term impacts on systemic perfu-
sion and, consequently, growth. In our cohort, right ventricular morphology was significantly associat-
ed with depressed systolic function; all six infants with depressed function had a primary right ventricle

(p=0.02), suggesting this may be a contributing mechanism.

Respiratory variables

©2025 Mark Gormley, et al. This is an open access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and build 24

upon your work non-commerecially.


http://www.openaccesspub.org/

s
Journal of Pediatric Health And Nutrition (j pen

Arguably the most notable findings of this study involved respiratory variables. Infants who regularly
received pulmonary medications in the first year had lower rates of undernutrition (9.4% vs. 25%). This
may reflect benefits from improved ventilation, pulmonary clearance, and regular pulmonary surveil-
lance. Prior studies have documented detrimental effects of elevated mean pulmonary arterial pressures
on nutrition4, suggesting pulmonary vasodilator use may be nutritionally beneficial, though no signifi-

cant association was observed in our cohort.

While outpatient pulmonology follow-up was not associated with nutritional outcomes, it is difficult to
interpret the true impact of pulmonology involvement due to limited availability of these services at our

institution during parts of the study period.

Supplemental oxygen use also appeared related to nutritional outcomes. Of the nine patients that used
at home supplemental oxygen, none were undernourished and only one patient had negative WLZ. We
defined supplemental oxygen as the use of an interface that provides oxygen at a fraction of inspired
oxygen (FiO2) greater than 21%. While the modalities of respiratory support offer multiple potential
physiology benefits, there is conflicting evidence regarding the nutritional impacts of increased system-

ic oxygenation.

Some studies[3,4,19] have demonstrated worsened nutritional outcomes with higher systemic oxygena-
tion, thought to be related to detrimental impacts of pulmonary over circulation, increased ventricular
volume load, and decreased splanchnic perfusion®. Contrasting studies[5,6,7,22,27] have suggested
that chronic hypoxemia, typically below an oxygen saturation of 75%, is associated with poorer nutri-

tional outcomes.

These conflicting findings highlight the complex physiological adaptations in patients with SV living
with chronic hypoxemia. While these patients’ hypoxemic respiratory drive is typically depressed
[28,29], chronic hypoxemia also increases peripheral chemoreceptor sensitivity to hypercapnia, which
can increase ventilatory drive and metabolic demand®’. Molecular adaptations, including alteration in
ATP utilization and hypoxia-inducible factor (HIF-1) activation, lead to a relative catabolic state with
decreased lipid storage and protein synthesis®' 2. Additionally, chronic hypoxemia can delay bone age
[33,34] and have disproportionate effects on linear growth®. This increases the risk of stunting but may

actually increase WLZ.

While physiologic patterns have been broadly identified, the long-term nutritional effects of chronic
hypoxemia remain poorly understood in pediatric populations. Studies involving cohorts of adults with
chronic obstructive pulmonary disease (COPD) have shown that chronic hypoxemia negatively affects
nutrition[32,35], with evidence also supporting the nutritional benefits of non-invasive positive pres-
sure ventilation (NIPPV) in this group®®. In children with cerebral palsy, tracheostomy use has been
associated with mixed nutritional outcomes[37,38]. However, to our knowledge, no studies have spe-
cifically examined the impact of hypoxemia or respiratory support on nutrition in patients with SV
physiology.

Outside of oxygenation, potential benefits of respiratory support also include improved ventilation,
leading to decreased energy expenditure from work of breathing®. This could explain some of the nu-
tritional benefits demonstrated in this study. We did not, however, find a relation between oxygen con-

sumption (VO2), a metric for energy expenditure, and nutrition status in our study.

While our study did not find a significant association between hypoxemia and nutritional status, this
may be attributable to limited statistical power due to sparse hemodynamic data among undernourished

patients. This limits conclusions that can be made regarding the effects of supplemental oxygen
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amongst our cohort. Nonetheless, the observed trends, particularly the potential nutritional benefit of
supplemental oxygen, underscore the need for larger, prospective studies to better characterize the com-
plex interplay between respiratory support, systemic oxygenation, and growth in patients with single

ventricle physiology.
Study Limitations

The retrospective design of the study limits conclusions about causation between identified variables
and undernutrition. As this was a single-center study, the findings may not be generalizable to other
institutions due to variations in patient cohorts and management strategies. While there were clinically
significant associations observed in this study, the relatively small cohort, particularly within the sub-

groups of moderate and severe undernutrition, could have limited statistical power.

Excluding patients with unavailable nutritional data or those deceased before one year of age, which
accounted for 33% of the target population, may have introduced selection bias, potentially underrepre-
senting the most vulnerable patients in this cohort. Anthropometric measurements were restricted to a
single time point around one year of age, limiting the ability to assess longitudinal growth patterns and
the impact of interventions over time. The collection of race and gender data does not account for other
social determinants of health, such as socioeconomic status, parental education, or access to healthcare,

which may significantly influence nutritional outcomes.

Finally, the study spanned two decades (2003-2023), during which advancements in surgical tech-
niques, nutritional practices, and postoperative care may have influenced outcomes, introducing tem-
poral variability into the results. These limitations should be considered when interpreting the findings,
as they may affect the study's applicability to broader populations and its ability to inform clinical prac-

tice.
Conclusion

This study investigated associations and potential protective factors against undernutrition in infants
with single ventricles. Undernutrition rates significantly declined during the study period. Although no
statistically significant associations were found, respiratory support, especially the use of supplemental
oxygen, was associated with adequate nutrition status. This highlights the complex interplay between
cardiorespiratory function and growth. Our conclusions are limited by small sample sizes, reinforcing
the need for larger studies to further explore how respiratory interventions might impact nutrition in

this population.
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