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Abstract: 
Background: Patients with single ventricle anatomy are at increased risk of growth failure and malnutrition. Amongst cardiac centers, there is little standardization of feeding practices in this complex population. We hypothesized that initiation of our center’s preoperative feeding protocol would result in decreased gastrostomy tube (G-tube) use, decreased length of stay and would not result in increased Necrotizing Enterocolitis (NEC) rates. Methods: A single institution review of 52 patients who had undergone stage I single ventricle palliative repair was performed. Patient diagnoses were hypoplastic left heart syndrome (39%), atrioventricular canal (15%), and other (46%). Postoperative parameters such as time to goal feed and need for gastrostomy tube (G-tube) were compared among preoperatively fed and non-preoperatively fed groups. Time to goal feed was calculated as time from first postoperative enteral feed to goal volume of 100 mL/kg. Results: Of the 26 patients who met inclusion criteria for preoperative feeding, 22 patients (85%) were fed prior to surgery. Cox proportional hazard ratio revealed that age at surgery (p = 0.047) and being preoperatively fed (p = 0.001) were associated with reaching goal feed sooner. Multivariable analysis revealed that being preoperatively fed made a patient twice as likely to reach goal feed sooner (p = 0.047). Univariable logistic regression revealed that days on total parenteral nutrition (p = 0.018), length of hospitalization (p = 0.008), and time to 1st postoperative feed (p = 0.020) were significantly associated with higher odds of needing a G-tube postoperatively. Multivariable logistic regression did not show any predictors of postoperative G-tube usage. However, there was a trend towards lower G-tube usage in the preoperatively fed group. Conclusions: Implementing a standardized preoperative feeding protocol in single ventricle neonates can result in significantly shorter time to goal feed in preoperatively fed patients. It is beneficial for institutions to begin implementing standard feeding protocols to improve nutrition and growth outcomes.
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1  Introduction

Although outcomes after single ventricle palliation procedures have improved over the years, newborns with single ventricle physiology continue to experience morbidities related to growth failure and feeding challenges [1]. Patients with single ventricle physiology are known to experience growth failure and malnutrition, which in turn, increases risk of infection, mortality and extended hospital stays [2–4]. The identifiable variables contributing to poor growth and nutritional status include chronically low oxygen saturations, tachypnea, venous congestion, inadequate energy intake, increased metabolic demands, gastrointestinal pathology and genetic and extracardiac anomalies [3,5–7].

Initial reports from The National Pediatric Cardiology Quality Improvement Collaborative (NPC-QIC) showed great variation in care practices for single ventricle physiologies among multiple institutions [8,9]. This variation prompted many centers to refine current nutritional practices. Today, there is still a lack of consensus on the best practices for feeding these high-risk patients [3]. Although feeding protocols have been shown to elicit positive outcomes, bringing these protocols into practice remains a challenge, and can be influenced by personal bias and subjectivity [10].

Prior to 2017, Children’s National Hospital did not preoperatively feed neonates with single ventricle heart disease. In addition, our historic rate of gastrostomy tube (G-tube) placement was as high as 60% among infants with hypoplastic left heart syndrome (HLHS), noting that, our center did not discharge single ventricle interstage neonates with nasogastric tubes. A recent assessment of the NPC-QIC dataset similarly noted that 57% of 944 analyzed patients required a feeding tube at hospital discharge [11]. An analysis from the Pediatric Cardiac Critical Care Consortium (PC4) noted only half of patients assessed received preoperative feeds and almost half were discharged home with a feeding tube [12]. Current literature indicates that early enteral feeding promotes intestinal maturation, postoperative feeding tolerance, hemodynamics, respiratory status, wound healing, and shorter length of stay [13].

We theorized that a neonate who possesses the skills to eat by mouth preoperatively may resume their oral feeding faster postoperatively than those who never have fed. This resumption of feeds could result in shorter length of stay and decreased need for a G-tube. This theory is supported by Pickler et al. who evaluated the effects of the feeding experience on clinical outcomes and noted that preterm neonates who were given more oral feeding experience while under intensive care made a faster transition to full oral feeds, regardless of illness severity [14].

We hypothesized that the initiation of our center’s preoperative feeding protocol would result in decreased G-tube use, decreased length of stay and would not result in increased necrotizing enterocolitis (NEC) rates. We sought to analyze the outcomes of our newly implemented preoperative feeding protocol and determine what patient characteristics were associated with preoperative feeding and G-tube use.

2  Methods

2.1 Study Population

Data for this single-center review were obtained directly from medical records in a prospective manner. A total of 60 neonatal patients were identified to have single ventricle physiology between August 2017 and December 2020. Eight patients were excluded because they did not undergo stage I surgical palliation, leaving 52 patients to be reviewed. August 2017 was used as the starting point, as it marked the initiation of a new feeding protocol at Children’s National Hospital. Approval from our Institutional Review Board was obtained, and a waiver of consent was granted. The study was conducted under Protocol P00010359.

2.2 Design and Protocol

Patients were required to meet specific criteria to follow the pre and postoperative feeding protocol established by our hospital (Appendix A). The protocol design was based heavily on review of current literature, citing the Toms et al article which analyzed preoperative feeding specifically in neonates with HLHS [15]. In addition, 9 protocols from other medium to large volume cardiac surgery centers were reviewed over personal correspondence [16–24]. The proposed protocol was evaluated and accepted by cardiac surgical and intensive care leadership, with input from a core group of cardiologists, registered dietitians, and nurse practitioners. All single ventricle neonates who underwent stage I palliation including Norwood, Blalock-Taussig shunt, Hybrid, pulmonary artery band/bands, and PDA stent were prospectively enrolled. Exclusion criteria for preoperative feeding included gestational age less than 37 weeks, intrauterine growth restriction or weight less than 2.5 kg, inotrope administration, lactate greater than or equal to 2.5, pH less than 7.3, or prostaglandin administration of greater than 0.05 mcg/kg/min. Exclusion criteria for postoperative feeding included high dose inotropic support, (dopamine ≥ 5 mcg/kg/min, milrinone > 0.5 mcg/kg/min, any dose of epinephrine), lactate greater than or equal to 2.5, pH less than 7.3, open chest and/or previous history of NEC. These exclusion criteria were based on literature review and consensus among our core group [15,23]. When available, human milk was offered first with standard infant formula as the secondary alternative.

Patient baseline characteristics of preoperatively fed versus non-fed patients were analyzed. Demographic data included race and ethnicity, birth weight, gestational age, diagnosis, age at surgery, genetic and/or non-cardiac anomaly. Preoperative and intraoperative clinical data included ventricular function, cardiac arrest, need for extracorporeal membrane oxygenation (ECMO), prostaglandin dependence, age at surgery and surgery type. Postoperative clinical events were reported and included length of hospital stay, time to goal feed, vocal cord paralysis, diaphragm paralysis, arrhythmia, cardiac arrest, ECMO, G-tube placement, NEC, and mortality. NEC was categorized by all stages I–III as referenced by Lee et al in their modified version of Bell’s Staging Criteria [25,26]. Episodes of NEC that occurred at any time point before or after stage I palliation, but prior to death or stage II palliation, were included. Time to full feed was defined as time from date of first enteral feed to date that patient reached a goal volume of 100 mL/kg.

Parameters affecting the need for postoperative G-tube were analyzed and included demographic and preoperative clinical factors such as race and ethnicity, ability to have preoperative feed, and types of first preoperative feed, whether human milk or formula. Time to first preoperative feed was recorded as time to either first enteral feed or oral feed, whichever came first. Intraoperative and postoperative factors included age at surgery, type of surgery, time to goal feed, days on total parenteral nutrition (TPN), arrhythmia, length of hospital stay, presence of decreased ventricular function at discharge, time to first postoperative enteral and oral feed, and mortality. Qualitative assessment of ventricular function was determined by single echocardiogram reader (SC) and was recorded as either mild, moderate, or severely depressed.

2.3 Statistical Analysis

Categorical variables were presented as frequency and percentage. Chi-squared test or Fisher’s exact test were used when comparing categorical variables. Continuous variables were presented as means ± standard deviation when normally distributed, and median with interquartile range (IQR) when skewed. Two sample t-test was used when comparing normally distributed continuous variables and the Mann-Whitney test was used when comparing skewed continuous variables. Univariable logistic regression and Cox proportional hazard modeling were performed to examine associations between anatomical and surgical parameters on feeding outcomes. Variables with p-value < 0.05 were selected to perform multivariable analysis. Kaplan–Meier curve was used to analyze time to goal feed in preoperatively vs non-fed groups. Overall, 13.5% of data points were missing and were removed from analysis. A p-value of <0.05 was considered significant. Other qualitative variables related to barriers and deviations to the feeding protocol were identified. Statistical Analysis was performed using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA)

3  Results

Among 52 patients with single ventricle lesions, 26 patients met all criteria for the institutional preoperative feeding protocol. Of the 26 who qualified, 22 patients were fed preoperatively. Those that deviated from the protocol were due to clinician preference (n = 2) as well as concern for clinical deterioration (n = 2). Table 1 summarizes baseline characteristics, including mortality, morphology, and surgical physiology, for all single ventricle patients. Overall, there were 20 HLHS, 8 unbalanced atrioventricular canal and 24 other diagnoses. Surgery types included 14 Norwood, 11 hybrid procedures, 18 shunts or PDA stents, and 9 pulmonary artery bands. Cardiac diagnosis (p = 0.005) and surgery type (p = 0.005) were both associated with being preoperatively fed. Of those in the preoperatively fed group, 6 (27%) were fed with human milk only, 9 (41%) were fed with formula only, and the remaining 7 (32%) were fed with both human milk and formula. All patients in the non-fed group were dependent on prostaglandin compared to 17 (77%) in the preoperatively fed group (p = 0.024). Mean age at surgery was greater in the preoperative fed group (p = 0.013). A shorter time to goal feed was observed in the preoperatively fed group (p = 0.001). By multivariable analysis, the sole predictor of reaching goal feed sooner was being preoperatively fed (Table 2).

[image: images]

[image: images]

Throughout the hospital course, 15 of 29 patients (52%) in the non-fed group experienced at least one episode of NEC of any stage. Of these 15, only 2 had preoperative NEC, and both patients also had post-operative NEC. As categorized by modified Bell’s Staging Criteria, 8 out of these 15 patients had stage I NEC with a primary symptom of hematochezia, 4 had stage IIA, 2 experienced a combination of stage I and IIA episodes, and 1 patient experienced separate episodes of NEC stage I and IIB. Compared to the non-fed group, 8 of 22 patients (36%) in the preoperatively fed group experienced at least one episode of NEC of any stage (p = 0.328). Of those 8 patients, only 2 experienced preoperative NEC, and one of these patients went on to have 3 more episodes of postoperative NEC. Seven out of 8 patients had stage I NEC (isolated hematochezia), and one patient had stage IIA NEC. No patients in our review had stage III NEC.

A total of 13 (43%) patients in the non-fed group underwent G-tube placement vs. 4 (18%) patients in the preoperatively fed group (0.056). A total of 14 (27%) patients died postoperatively, 5 (23%) in the preoperatively fed group and 9 (30%) in the non-fed group (p = 0.559).

Table 3 characterizes the parameters predicting G-tube placement. Overall, there were 17 (33%) patients who required G-tube placement. Younger age at surgery, surgery type, longer amount of time to reach goal feed, longer amount of time on TPN, longer length of hospital stays, and longer time to reach first oral feed were all associated with requiring G-tube placement (p = 0.047, 0.001, 0.014, 0.004, 0.001, 0.035, respectively). Postoperative arrhythmia was associated with lower risk of needing a G-tube placed (p = 0.040). Of note, postoperative feeding routes included G-tube only (n = 4), Oral and G-tube (n = 10), Oral and NG tube (n = 1), Oral only (n = 26), and TPN (n = 11). Multivariable analysis revealed that there were not any independent predictors for placement of G-tube (Table 4).
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A Kaplan Meier estimate of preoperatively fed patients reaching goal feed is illustrated in Fig. 1. At day 8, 80% of patients who were preoperatively fed had reached goal feed, compared to only 52% who were not preoperatively fed.
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Figure 1: Kaplan Meier Estimate illustrating time it takes for patients to reach goal feed. Red line is preoperative fed group, green line is non-fed group

4  Discussion

We found that the preoperative feeding of infants with single ventricle lesions was associated with significantly shorter times to goal feed. Although not significant, we also found lower median lengths of hospital stay and lower rates of G-Tube placement when patients were preoperatively fed. Amongst our patient population, 18% of preoperatively fed patients required a G-tube compared to 43% of those that were not preoperatively fed. Median length of stay was 61 days in the preoperatively fed group as opposed to 87 days in non-fed group, and these infants reached goal feeds at a faster rate when compared to their non-preoperatively fed counterparts. Length of stay may be affected by many different variables ranging from but not limited to a more complex postoperative course to potential complications of feeding advancement and tolerance.

Our study found that patients who were fed preoperatively exhibited no significant difference in NEC rates compared to patients who were not fed preoperatively. These results correlate with the study performed by Toms et al. which compared outcomes following preoperative feeds in neonates with HLHS [15]. Their group observed that those who were fed preoperative trophic feeds reached full feeds 8 days sooner than those not fed preoperatively, and they also did not find a difference in NEC rates between those who were fed and not fed preoperatively [15]. Other studies have shown that standardizing feeding protocols in patients with single ventricle conditions can result in a decreased rate of NEC [27]. These findings suggest that there is benefit associated with implementing preoperative feeding protocols in patients with single ventricle lesions.

In contrast, Beggs et al. showed no significant difference between the preoperative and non-fed groups in terms of length of hospital stay and time to full feed [28]. Kataria-Hale et al. also evaluated length of stay, feeding intolerance and NEC rates, and found no association with preoperative feeding [29]. These studies all include small sample sizes and observational methods, demonstrating the need for further studies [29].

Practitioners are often hesitant to initiate feeding due to concerns of preoperative NEC. While there is evidence of the benefits of early feeding in other neonatal populations, there is a clear lack of large studies in this specific population which further contributes to the apprehension to feed these infants. The Slicker et al review determined preoperative enteral feeding is safe for the infant with hypoplastic left heart syndrome who is hemodynamically stable with close monitoring [23]. It is important to note that delayed enteral feeding can contribute to cellular atrophy in the gut, pathologically abnormal increases in gut permeability, delayed postnatal intestinal development and maturation, and motility problems [30]. These complications increase the risk for bacterial translocation and impaired immune function and put the patient at risk for feeding intolerance, once feeds are initiated, by malabsorption of carbohydrates [23]. Early-fed infants have also been seen to tolerate full oral nutrition sooner, with fewer days of feeding intolerance, and shorter hospital stays [31].

Patients who are not able to be preoperatively fed are also at risk of delayed oral motor skills, further increasing the need for longer postoperative hospitalization, longer times to reach goal feed, and potentially increasing the risk of long-term dependence on tube feedings. While the recent study by Sagiv et al. did not find an association between preoperative feeding and an early achievement of tube-free feeding in the first year of life, they did find that preoperative feeding was safe and was not associated with an increase in NEC [11].

In those patients that do not meet the inclusion criteria as we described, it is worth evaluating different approaches to providing care for these non-fed patients, thus preventing negative outcomes. It is well understood that human milk contains anti-inflammatory and anti-microbial factors as well as cytokines that may promote the growth and development of the infant’s immune cells [32]. The practice of providing a mother’s own colostrum orally to the critically ill, preterm infant has been shown to be well tolerated and inexpensive with the potential to provide immunomodulatory protection [33]. The value of oropharyngeal colostrum immunotherapy has also been shown to reduce the number of days to achieve full enteral nutrition and may also be significantly beneficial when used in lieu of preoperative feeding [34]. One study by Coker-Bolt et al. found that patients with single ventricle circulation who were enrolled into an oral motor stimulation program had shorter lengths of hospitalization following cardiac surgery, and experienced a quicker time to full feed [35]. While Indramohan et al. [36] did not find a statistically significant difference in infants who received oral motor exercises on tube feeding at discharge, there was a clinical impact on hospital length of stay and tube feeding requirement. In addition to oral immune therapy, there are other non-nutritive practices that may provide benefits to the infant. It is suggested that simply holding the infant in breast-feeding position while the child sucks on a pacifier can create a nurturing feeding environment that will increase oral stimulation patterns and will help the child to indirectly develop feeding skills [37]. These studies provide future directions for research in complex patients who do not meet the inclusion criteria for preoperative feeding.

5  Study Limitation

This study was limited by the relatively small, single-center sample size. A smaller sample size limited our ability to find correlations between some parameters and therefore they were not estimated due to quasi separation. The logistic model that was used to describe factors associated with G-tube placement had many predictors, which may have been another statistical limitation. This was an observational study, and therefore causal relationships cannot be made. The observational nature of the study also lends the possibility of inherent limitations related to missing data and data collection errors, either as a result of errors in actual data entry or the inconsistencies between multiple data coordinators pulling data from medical charts. Also, those in the non-fed group may have already been sicker and therefore excluded for preoperative feeding, although the parameters for exclusion seemed comparable among the preoperatively fed and non-fed groups. We would also note that although there were few deviations from the feeding protocol, they ultimately were a result of clinician preference.

6  Conclusion

Our center did see a reduction in G-Tube placement, decreased length of stay, and a significantly faster time to goal feed in the preoperatively fed group. There was no statistical difference in the NEC rates between the two groups. These findings support that with appropriate exclusion criteria, a preoperative feeding protocol can be safely initiated in neonates with complex single ventricle anatomy.
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Appendix A: Single Ventricle Neonatal Palliation Feeding Protocol that has been used at Children’s National Hospital since 2017
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Table 1: Baseline characteristics ot preoperative tfed and non-ted groups

Variable Preoperatively fed group Non-fed group (n = 30) p-value
(n=22) N (%), Median (IQR) or
N (%), Median (IQR) or Mean + SD
Mean + SD
Birth weight 2.8 +£0.69 2.8 £0.66 0.997
Gestational age (weeks) 374 +£2.72 373+ 1.75 0.889
Race and Ethnicity Groups
Caucasian 10 (46%) 15 (50%) 0.885
Black/African American 5 (23%) 8 (27%)
Hispanic or Latin 4 (18%) 4 (13%)
Asian 2 (9%) 1 (3%)
Another Race or Ethnicity 1 (5%) 2 (7%)
Primary Cardiac Diagnosis
HLHS 3 (14%) 17 (57%) 0.005
Unbalanced Atrioventricular Canal 4 (18%) 4 (13%)
Other 15 (68%) 9 (30%)
Non-cardiac anomalies 0 1 3%) 0.387
Genetic Abnormalities 3 (14%) 3 (10%) 0.685
Reduced Preoperative function 1 (5%) 2 (7%) 0.754
Age at stage I surgical palliation (days) 12.7 £17.27 4.5+2.05 0.013
Preoperative cardiac arrest 2 (9%) 0 0.092
Prostaglandin 17 (81%) 30 (100%) 0.024
Surgery Type
Norwood Sano or Norwood Blalock 6 (27%) 8 (27%) 0.005
Taussig Shunt (BTS)
Hybrid 2 (9%) 9 (30%)
BTS, Central Shunt, or Patent Ductus 13 (59%) 5 (17%)
Arteriosus (PDA)Stent
Pulmonary Artery Band 1 (5%) 8 (27%)
Length of stay (days) 61.2 £61.25 87 + 81.03 0.222
Number of days to goal feed (100 mL/kg) 3 (2-5) 7 (5-21) 0.001
Vocal Cord Paralysis 1 (4.8%) 2 (6.7%) 0.776
Postoperative arrhythmia 5 (28%) 11 (38%) 0.475
Postoperative cardiac arrest 6 (27%) 4 (14%) 0.230
Postoperative ECMO 5 (23%) 8 (27%) 0.746
G-tube placement within 1% year 4 (18%) 13 (43%) 0.056
Necrotizing Enterocolitis (NEC) of any 8 (36%) 15 (50%) 0.328
stage
Mortality 5 (23%) 9 (30%) 0.559
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Table 3: Characteristics of patients receiving G-tube vs patients who did not receive G-tube

Variable G-Tube used = Yes G-Tube used=No p-value
(n=17) (n = 39)
N (%), Median (IQR) N (%), Median (IQR)
or Mean £+ SD or Mean £ SD
Age at stage I surgical palliation (days) 3 (3-7) 7 (4-8) 0.047
Race and Ethnicity Groups
Caucasian 9 (53%) 16 (46%) 0.673
Black/African American 5 (29%) 8 (23%)
Hispanic or Latin 3 (18%) 5 (14%)
Asian 0 3 (9%)
Another Race and Ethnicity 0 3 (9%)
Preoperatively fed 4 (24%) 18 (51%) 0.056
Time to first preoperative feed 23 +1.26 2.7 £ 1.67 0.603
Type of Preoperative Feed
No preoperative feed 13 (76%) 17 (49%) 0.383
Human milk only 1 (6%) 5 (14%)
Milk-based formula only 2 (12%) 7 (20%)
Human milk + Milk-based formula 1 (6%) 6 (17%)
Surgery Type
Norwood Sano or Norwood Blalock 1 (6%) 13 (37%) 0.001
Taussig Shunt (BTS)
Hybrid 6 (35%) 5 (14%)
BTS, Central Shunt, or Patent Ductus 3 (18%) 15 (43%)
Arteriosus (PDA) Stent
Pulmonary Artery Band 7 (41%) 2 (6%)
Number of days to goal feed (100 mL/kg) 7 (5-21) 5 (2-9) 0.014
Days on TPN 49 (26-111) 13 (7-31) 0.004
Postoperative arrhythmia 2 (13%) 14 (44%) 0.040
Length of stay (days) 84 (64—181) 34 (24-71) 0.001
Decreased ventricular function at 1 (7%) 4 (12%) 0.634
discharge
Time to first postoperative enteral feed 6 (4-25) 5 (4-7) 0.160

Time to first postoperative oral feed 27.1 £234 12.6 £ 8.9 0.035
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Table 4: Univariable and multivariable logistic model describing factors associated with G-tube placement

Univariable Multivariable

Odds ratio p-value Odds ratio p-value

Age at stage I surgical palliation (days) 0.91 0.269

*Race and Ethnicity Groups

Caucasian 1.34 0.625

Black/African American 1.41 0.609

Hispanic or Latin 1.29 0.753

Asian 0.00 0.978

Another Race and Ethnicity 0.00 0.978

Preoperatively fed 0.29 0.063

Time to first enteral feed 0.78 0.768

Time to first oral feed 0.58 0.460

Type of Preoperative Feed

Human milk 0.29 0.140

Milk-based formula 0.36 0.162

**Surgery Type

Hybrid — —

BTS, Central Shunt or PDA Stent 2.60 0.432

Pulmonary Artery Band — —

Number of days to goal feed 1.07 0.057

Days on TPN 1.02 0.018 1.0 0.905
Postoperative Arrthythmia 1.01 0.209

Length of Stay (days) 1.01 0.008 1.01 0.523
Decreased ventricular function at discharge 0.58 0.637

Time to first postoperative oral feed 1.07 0.02 1.04 0.343

Note: *Each Race and Ethnicity group was compared against the rest of the group. No reference group was used. **Norwood was used as the
reference group for Surgery Type.
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Table 2: Univariable and multivariable cox proportional hazard model for describing predictors of ability to
reach goal feed sooner

Univariable Multivariable
Hazards ratio p-value Hazards ratio p-value
Birth weight 1.11 0.642
Gestational age (weeks) 1.06 0.468
*Race and Ethnicity Groups
Caucasian 0.85 0.595
Black/African American 0.69 0.297
Hispanic or Latin 2.28 0.063
Asian 1.15 0.846
Another Race or Ethnicity 1.83 0.318
**Primary Cardiac Diagnosis
Unbalanced Atrioventricular Canal — —
Other — —
Preoperatively fed 2.18 0.013 1.93 0.047
Non-cardiac anomalies 1.40 0.744
Genetic Abnormalities 1.04 0.936
Reduced preoperative function 0.91 0.869
Age at surgery (days) 1.03 0.010 1.02 0.084
Preoperative cardiac arrest 1.78 0.432
***Surgery Type
Hybrid 0.89 0.804
BTS, Central Shunt or PDA Stent 1.98 0.127
Pulmonary Artery Band 0.66 0.418
Vocal cord paralysis 0.78 0.678
Postoperative Arrhythmia 1.00 0.351
Postoperative cardiac arrest 0.80 0.633
Postoperative ECMO 0.36 0.059

Note: *Each Race and Ethnicity group was compared against the rest of the group. No reference group was used. **Hypoplastic Left Heart Syndrome
was used as the reference group for Primary Cardiac Diagnosis. ***Norwood was used as the reference group for Surgery Type.
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