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Abstract Neonates with single-ventricle physiology are

at increased risk of developing gastrointestinal morbidities.

Feeding protocols in this patient population have been

shown to decrease feeding complications after the Nor-

wood procedure, but no data exist to determine the effec-

tiveness of a feeding protocol in patients undergoing the

hybrid procedure. Goal of this study was to examine the

impact of a standardized feeding protocol on the incidence

of overall postoperative gastrointestinal morbidity after the

hybrid procedure. Retrospective chart review was per-

formed on neonates undergoing the hybrid procedure.

Neonates were divided into two groups, pre-feeding pro-

tocol (pre-FP), which encompassed the years 2002–2008,

and post-feeding protocol (post-FP), which encompassed

the years 2011–2014. Preoperative, operative, and postop-

erative data were collected. T test or Fisher’s exact test was

used for analysis. p\ 0.05 was considered significant.

Seventy-three neonates were in the pre-FP and 52 neonates

were in the post-FP. There were no significant differences

between the pre-FP and the post-FP in cardiac diagnosis

(62 HLHS, 11 other vs. 39 HLHS, 13 other, respectively).

Pre-FP underwent hybrid procedure later than the post-FP

(9.1 ± 5.8 vs. 5.7 ± 3.4 days, respectively, p\ 0.01) and

achieved full enteral feeds earlier than the post-FP

(3.2 ? 2.9 vs. 7.8 ? 3.9 days, respectively, p\ 0.01). The

incidence of necrotizing enterocolitis was higher in the pre-

FP versus post-FP [11.0 % (8/65) vs. 5.8 % (3/49),

respectively, p = 0.36]. Though not significant, the inci-

dence of necrotizing enterocolitis decreased by almost

50 % after initiating a feeding protocol in patients under-

going the hybrid procedure. This is consistent with previ-

ous studies showing beneficial results of a feeding protocol

in this complex patient population.

Keywords Hybrid procedure � Hypoplastic left heart

syndrome � Feeding protocol

Introduction

Neonates with single-ventricle physiology (SVP) are at

increased risk of gastrointestinal complications such as

necrotizing enterocolitis (NEC) during their initial hospi-

talization regardless of initial surgical palliative procedure

[11, 18, 23, 24]. The causes for these gastrointestinal

complications are likely multifactorial, but the underlying

physiology undoubtedly plays a role [6, 24, 25]. Mortality

rates in infants who develop NEC without congenital heart

disease (CHD) have been reported to be in the 5–12 %

range, but mortality is even higher in infants with CHD [8,

18, 20, 23]. Thus, NEC is a significant cause of morbidity

and mortality in patients with CHD, particularly in neo-

nates with SVP.

Recently, the initiation of feeding protocols has been

reported to decrease gastrointestinal complications in

neonates with SVP undergoing the Norwood procedure [4,

13, 31]. The hybrid procedure is an alternative to the

Norwood procedure for initial palliation of patients with

SVP [15, 35]. Despite the fact that the hybrid procedure is

less invasive than the Norwood procedure, the incidence of

NEC after the hybrid procedure appears to be similar or

higher to previously published results [11, 12, 20, 23].

However, the prior reports in patients undergoing the
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hybrid procedure occurred before there was a specific

feeding protocol in place for these patients [25].

The goal of this study was to examine the gastroin-

testinal outcomes pre- and post-initiation of a feeding

protocol in patients undergoing the hybrid procedure.

Methods

IRB approval was obtained for this retrospective chart re-

view study performed at a tertiary pediatric hospital. All

neonates who underwent the hybrid procedure for pallia-

tion of complex CHD from April 2002 through April 2008,

pre-feeding protocol (pre-FP) and December 2011 through

November 2014, post-feeding protocol (post-FP), were

reviewed. Feeding protocols are presented in Appendix 1

and 2. In general, the protocol introduced followed similar

formats that have been previously published with changes

based on institutional preferences [4, 13]. The earlier

cohort has been previously described and this group acted

as a control group of convenience [23]. The 3-year gap

between the two cohorts consisted of the planning and

initiating of a fully implemented feeding protocol. Patients

were excluded from the study if they underwent the initial

procedure at [30 days of life, were transferred to our

institution at [2 weeks of age (feeding and radiology

records were incomplete), were transferred out of our

institution at \5 days post-procedure (before full enteral

feeds were established), or had multiple congenital

anomalies preventing enteral feeding [23].

Demographic, perinatal, perioperative, clinical, and

procedural data were collected for the two groups. NEC

was defined as Bells Stage II or above [3]. By utilizing

Bell’s Stage II and above (moderate-to-severe NEC), the

subjective discrepancy of whether a patient merely had

feeding intolerance versus early-stage NEC was mini-

mized. In addition, this allowed for a more objective

measurement (pneumatosis on radiograph) in combination

with clinical presentation to aid in the diagnosis.

Pregnancy and perinatal factors analyzed included

maternal age, prenatal care (documentation of any prenatal

evaluation by an obstetrician and/or a prenatal ultrasound),

prenatal diagnosis of CHD, mode of delivery (vaginal vs.

cesarean section), Apgar scores, and resuscitation in the

delivery room (defined as requiring supplemental oxygen,

continuous positive airway pressure, positive pressure

ventilation, intubation, chest compressions, and/or resus-

citation medications). In addition, patient demographics,

such as gender, gestational age, birth weight, and CHD

diagnosis, were also reviewed.

Pre-procedure and procedure variables analyzed inclu-

ded ventilation at any time before the procedure, ventila-

tion at the time of procedure, use of subambient oxygen,

maximum dose of prostaglandin infusion (lg/kg/min),

presence of umbilical venous and arterial catheters, enteral

feeding before procedure (including formula vs. human

milk), inotrope use, maximum inotrope score in lg/kg/min

(dobu-

tamine ? dopamine ? 100 9 epinephrine ? 100 9 nore-

pinephrine ? 10 9 milrinone) [33, 34], and laboratory

analysis of blood values, including lowest pH, highest

hematocrit, lowest platelet count, highest lactate, renal

insufficiency (creatinine of [1.5 mg/dL), and liver insuf-

ficiency (aspartate transaminase or alanine aminotrans-

ferase of [250 U/L), need for urgent balloon atrial

septostomy before hybrid procedure, and age at hybrid

procedure.

Post-procedure and intensive care unit course were also

reviewed to analyze variables, such as inotrope use, max-

imum inotrope score, length of time on ventilator (h),

average oxygen saturation and diastolic blood pressure for

the first 24 h post-procedure, time to initiate enteral feeds

(days), time to reach full enteral feeds (120 mL/kg/day),

abdominal radiograph findings, abdominal and feeding

findings, NEC diagnosis, culture proven infection (blood,

trachea, urine, or wound), length of hospitalization, and

mortality.

Patients were divided into pre-FP and post-FP groups.

T test or Fisher’s exact test was used for analysis as

appropriate. p\ 0.05 was considered significant.

Results

The pre-FP consisted of 73 patients and the post-FP con-

sisted of 52 patients. Prenatal, demographic, and CHD

diagnosis are presented in Table 1. Maternal age and ges-

tational age were significantly lower in the pre-FP versus

post-FP. In addition, the incidence of prenatal diagnosis of

CHD was significantly lower in the pre-FP. There were no

other variables with significant differences in this category.

Perinatal and pre-procedure variables are presented in

Table 2. The pre-FP was more likely to be intubated prior

to the hybrid procedure and have a higher lactate and

maximum inotrope score than the post-FP. Umbilical

venous catheters were less used in the pre-FP, and the

maximum prostaglandin dose was higher in the pre-FP.

Other perinatal and pre-procedure variables were not sig-

nificantly different between the two groups.

Procedure and post-procedure variables are presented in

Table 3. Age at hybrid was significantly older in the pre-

FP. Inotrope use was less frequent post-hybrid procedure,

and time to full feeds was shorter in the pre-FP. Though not

significant, the incidence of abdominal distension, gas-

trostomy tubes, and necrotizing enterocolitis was higher in

the pre-FP versus post-FP.
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Discussion

Gastrointestinal morbidities remain a concern in SVP

patients undergoing palliation in the neonatal time period.

NEC remains the most concerning gastrointestinal mor-

bidity in this patient population. Previous studies have

reported improved gastrointestinal outcomes after institut-

ing a feeding protocol in SVP neonates undergoing the

Norwood procedure [4, 13, 20]. No data exist describing

the impact of a feeding protocol in SVP patients under-

going the hybrid procedure. In this study, though not sig-

nificant, the incidence of abdominal distension,

gastrostomy placement, and NEC were reduced in the post-

FP compared to the pre-FP.

Adequate nutritional support is an important part of care

in critically ill pediatric patients [5, 22]. Despite

improvement in mortality for SVP, gastrointestinal mor-

bidities remain a significant issue in the neonatal time

period [16, 20, 24]. Multiple issues may prevent timely and

adequate nutritional support when in the intensive care

unit, including, but not limited to, multiple interruptions in

feeds due to hemodynamic or procedural concerns, fluid

restrictions, individual practice variation, and other

unknown factors [19, 27, 29]. Feeding protocols have been

shown to be beneficial for patients in the critical care set-

ting by overcoming many of these obstacles [1, 26, 30]. As

stated above, this has also been shown to be the case in

SVP undergoing the Norwood procedure, and similar

results are now reported in this paper after the hybrid

procedure [4, 13].

The hybrid procedure is an alternative palliative proce-

dure for patients with SVP [2, 15]. Though the hybrid

procedure is not as extensive a surgical procedure com-

pared to the Norwood procedure, it is associated with

diastolic reversal of flow in the descending aorta similar to

the Norwood procedure with a modified Blalock–Taussig

shunt [9, 25]. This abnormal flow pattern may subsequently

affect the celiac and superior mesenteric blood flows in

neonates with SVP, regardless whether they have under-

gone the Norwood or hybrid procedure [10, 17, 21]. This

abnormal mesenteric flow pattern may theoretically put

these patients at increased risk of gastrointestinal mor-

bidities such as feeding intolerance or NEC. Risk factors

for NEC in patients undergoing the Norwood procedure

Table 1 Prenatal,

demographic, and congenital

heart disease

Pre-FP (n = 73)

n (%)

Post-FP (n = 52)

n (%)

p

Maternal/prenatal data

Age (years) 25.8 ± 5.2 28.8 ± 5.5 \0.01

Prenatal care 73 (100) 52 (100) NS

Prenatal diagnosis of CHD 42 (57.5) 41 (78.9) 0.01

Neonate characteristics

Gestational age (weeks) 37.7 ± 2.1 38.6 ± 1.6 0.02

Birth weight (g) 3037.2 ± 676.0 3176.3 ± 478.0 NS

Male 44 (60.3) 34 (65.4) NS

Malrotation 1 (1.4) 1 (1.9) NS

CHD diagnosis NS

HLHS 62 (84.9) 37 (71.2)

AA/MA 28 15

AA/MS 16 11

AS/MA 0 1

AS/MS 18 10

Other 11 (15.1) 15 (28.8)

DORV, DORV/IAA 4 4

AVSD 2 6

Truncus/IAA 2 0

DILV 1 4

IAA/VSD 1 1

TA 1 0

FP feeding protocol, CHD congenital heart disease, HLHS hypoplastic left heart syndrome, AA aortic

atresia, AS aortic stenosis, MA mitral atresia, MS mitral stenosis, DORV double-outlet right ventricle, IAA

interrupted aortic arch, AVSD atrioventricular septal defect, DILV double-inlet left ventricle, VSD ven-

tricular septal defect, TA tricuspid atresia, NS not significant
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Table 2 Perinatal and pre-

procedure variables
Pre-FP (n = 73)

n (%)

Post-FP (n = 52)

n (%)

p

Perinatal characteristics

Vaginal delivery 49 (67.1) 33 (63.5) NS

Apgar score, 1 min 7.3 ± 1.8 7.5 ± 1.9 NS

Apgar score, 5 min 8.4 ± 1.1 8.5 ± 1.1 NS

Resuscitation in delivery room 21 (28.8) 11 (21.2) NS

Pre-procedure variables

Ventilation before procedure 39 (53.4) 16 (30.8) 0.02

Ventilation at time of procedure 22 (30.1) 9 (17.3) NS

Subambient oxygen use 17 (23.3) 5 (9.6) NS

PGE maximum dose (lg/kg/min) 0.04 ± 0.03 0.03 ± 0.02 \0.01

Enteral feeding 47 (64.4) 32 (61.5) NS

Umbilical artery catheter 57 (78.0) 35 (67.3) NS

Umbilical venous catheter 50 (68.5) 48 (92.3) \0.01

Inotrope use 18 (24.7) 6 (11.5) NS

Maximum inotrope score (lg/kg/min) 2.2 ± 4.7 0.5 ± 1.6 0.01

Renal insufficiency (creatinine[ 1.5 mg/dL) 8 (11.0) 3 (5.8) NS

Liver insufficiency (AST or ALT[ 250 U/L) 8 (11.0) 5 (9.6) NS

Lowest pH 7.3 ± 0.2 7.3 ± 0.1 NS

Highest lactate (mmol/L) 6.3 ± 6.7 3.7 ± 3.9 0.02

Highest hematocrit (%) 47.3 ± 6.7 46.9 ± 6.7 NS

Lowest platelet count (K/mm3) 227.5 ± 104.9 214.0 ± 78.6 NS

ALT alanine aminotransferase, AST aspartate aminotransferase, FP feeding protocol, NS not significant

Table 3 Procedure and post-

procedure variables
Pre-FP (n = 73)

n (%)

Post-FP (n = 52)

n (%)

p

Procedure variables

BAS before hybrid 6 (8.2) 3 (5.8) NS

Age at procedure 9.1 ± 5.8 5.7 ± 3.4 \0.01

Post-procedure variables

Length of time on ventilator (h) 55.1 ± 114.3 36.1 ± 70.8 NS

Oxygen saturation for 24 h, average (%) 84.3 ± 4.5 84.1 ± 5.4 NS

DBP for 24 h, average (mmHg) 38.9 ± 5.9 38.8 ± 5.2 NS

Inotrope use 18 (24.7) 29 (55.8) \0.01

Maximum inotrope score (lg/kg/min) 2.4 ± 7.0 3.4 ± 7.9 NS

Time to initiate enteral feeds (days) 2.1 ± 1.4 2.1 ± 1.3 NS

Time to full enteral feeds, 120 ml/kg/days (days) 3.3 ± 2.9 7.8 ± 3.9 \0.01

Culture proven infection 16 (21.9) 11 (21.2) NS

Abdominal distension 17 (23.3) 6 (11.5) NS

Bloody stool 8 (11.0) 6 (11.5) NS

Emesis 31 (42.5) 21 (40.4) NS

GT 9 (12.3) 4 (7.7) NS

NEC 8 (11.0) 3 (5.8) NS

Length of hospitalization (days) 27.6 ± 18.7 32.5 ± 34.0 NS

Mortality 8 (11.0) 5 (9.6) NS

BAS balloon atrial septostomy, GT gastrostomy tube, NEC necrotizing enterocolitis, FP feeding protocol,

NS not significant
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have been previously noted to be lower weight, later

attainment of full feedings, increased positive blood cul-

tures, greater risk of mortality (PRISM) score, and a larger

Blalock–Taussig shunt when indexed to body weight [16,

20].

The incidence of NEC in the hybrid population was

previously reported to be 11 % prior to a feeding protocol

being instituted [23]. Older reports document a median

incidence of NEC to be 18 % (range 11–20 %) in patients

undergoing the Norwood procedure [16]. This is consistent

with more recent reports documenting the incidence of

NEC status post Norwood procedure of 11 % by Braudis

et al. [4] and 15 % by del Castillo et al. (Bell Stage C II)

[13] prior to a feeding protocol being started. After insti-

tuting a feeding protocol, Braudis et al. reported 0 %

occurrence of NEC. However, that report excluding high-

risk patients such as neonates born less than 35 weeks

gestational age or having weight less than 2 kg. They also

excluded neonates who died during the hospitalization.

This report included those patients and thus may partially

explain the differences in incidence of NEC between these

two studies. del Castillo reported a decrease in NEC in

their post-FP to 4.3 % (Bell Stage C II), which is similar to

5.8 % in this study. Though not significant, this was close

to a 50 % decrease in the incidence of NEC in the post-FP.

To obtain statistical significance, an ‘‘n’’ of 108 patients in

the post-FP would have been required necessitating 3–4

additional years of data collection. This was not thought to

be practically feasible. The etiology of NEC is no doubt

multifactorial, but these data suggest that a feeding proto-

col may have some beneficial results concerning this issue.

Similarly, additional gastrointestinal issues such as

abdominal distension and gastrostomy tube use decreased

in the post-FP group, though not significantly. However,

other gastrointestinal issues such as emesis, bloody stool,

and time to initiate enteral feeds were essentially unchan-

ged. Furthermore, length of hospital stay and overall

mortality were unchanged between groups. The time to

reach full feeds was 7.8 ± 3.9 days in the post-FP, which

was statistically longer than the pre-FP of 3.3 ± 2.9 days.

This is likely due to the more cautious advancement of

feeds in the post-FP, whereas previously, advancement of

feeds was at physician’s discretion and may have occurred

rapidly. However, this is consistent with the 9 days by

Braudis et al. [4] and the 7 days by Toms et al. [31] to

reach full enteral feeds in their SVP patients. Incidence of

inotrope use was also statistically higher in the post-FP.

There is no set protocol in the intensive care unit regarding

inotrope use in these patients. Prophylactic use may have

been more prevalent in the recent cohort, and we cannot

rule out that his may have also lessened gastrointestinal

issues in this population.

The preoperative and operative variables were not

totally analogous between the two groups. Maternal age

and gestational age of the neonate were older in the post-

FP. This is consistent with trends of an older maternal age

in the general population as well as the goal of delivery as

close to term as possible [7]. In addition, the data suggest

that the pre-FP were possibly more ill than the post-FP

preoperatively. The pre-FP was more likely to be intubated

before the hybrid procedure, have a higher inotrope score,

and have a higher lactate level. This may be due to the fact

that the pre-FP was less likely to have a prenatal diagnosis

of a CHD. Thus, these patients probably presented in

extremis and required stabilization of hemodynamics

before proceeding to the hybrid procedure [28, 32]. This

would also explain the older age at hybrid procedure in the

pre-FP. That being said, other signs of end organ function/

dysfunction such lowest pH, incidence of liver and renal

insufficiency, and ability to feed enterally prior to the

hybrid procedure were similar between the groups. It is not

known how these differences may have affected the gas-

trointestinal issues postoperatively.

There are multiple limitations to this study. This was a

retrospective study with all the inherent problems associ-

ated with such a design. The two groups were not totally

analogous, and this may have affected the post-procedure

variables. Significance was not found in the main gas-

trointestinal outcomes, only qualitative changes. This is

probably due to the relatively small ‘‘n’’ able to be ana-

lyzed, though it is the largest reported to date. The time

frame evaluated was over 12 years, so changes in preop-

erative, operative, and postoperative care may have also

affected the post-procedure variables [14, 15]. However,

despite the time frame evaluated, many of the preoperative

and operative variables were similar between the two

groups. In addition, hemodynamic parameters such as

diastolic blood pressures and systemic oxygen saturation

were comparable between groups, suggesting that the

groups may not have been too disparate.

In conclusion, though not significant, the incidence of

necrotizing enterocolitis decreased by almost 50 % after

initiating a feeding protocol in SVP undergoing the hybrid

procedure. This is consistent with previous studies showing

beneficial results of a feeding protocol in this complex

patient population.
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Appendix 1

The Newborn Feeding Guidelines are guidelines. The team may advance slower or 
faster based on clinical judgment and discussion with APN/MD.

ADVANCE:

If tolerating trophic feeds for 24 hours, advance by 1 ml/kg/hr every 24 hours 
to goal volume or a rate of…

GOAL (without UAC) = 6 mL/kg/hr as tolerated
Provides approx. 145 mL/kg/day

GOAL (with UAC) = 3 mL/kg/hr as tolerated
Provides approx. 70 mL/kg/day

Example: For 3 kg newborn without UAC, start at 3 mL/hr x 24 hrs on Day 1. 
On Day 2 advance to 6 ml/h, Day 3 advance to 9 mL/hr, and so on to a goal of 18 mL/hr.

START:

Place NG or NJ Tube. 
Start trophic feeds of unfortified breast milk or formula 

at a rate of 1mL/kg/hr  for 24 hours

GOAL:

Once tolerating goal volume for 24 hours, consider fortifying feeds to reach goal calories. Please 
consult with dietician. For NG feeds only, consider transitioning from continuous to bolus feeds.

“BLUE” Newborn Feeding Guideline
INTUBATED or NIPPV (BiPAP/CPAP/HFNC)

Please maintain baseline criteria at all times. For any of the following breach of criteria
please HOLD feeds and discuss with APN/MD immediately: 

Arterial pH < 7.35, Venous pH < 7.30, Lactate > 2, Base Deficit ≥ 4, 
Increase in abdominal girth > 10%, initiation of epinephrine or dopamine drip
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Appendix 2

The Newborn Feeding Guidelines are guidelines. The team may advance slower or 
faster based on clinical judgment and discussion with APN/MD.

Day 2: Adequate Intake* - PO ad lib

If taking adequate PO, continue PO ad lib.

If patient has UAC, limit feeds to 9mL/kg/feed

Evaluate intake daily and discuss 
goals with dietician and medical team.

APN to write TPN weaning orders.

*For Infants < 7 days of age or “new feeders”,
adequate PO is defined as:

1 day old: 20 mL/kg/day
2 days old: 40 mL/kg/day
3 days old: 60 mL/kg/day
4 days old: 80 mL/kg/day

5 days old: 100 mL/kg/day
6 days old: 120 mL/kg/day

Example: 5 day old 3 kg should take  approx. 
300 mL in 24hrs or 38 mL q 3 hours.

Day 1: PO ad lib

Allow patient to PO ad lib (unfortified breast milk or formula) for 24 hours. 
If patient has UAC, limit feeds to 9mL/kg/feed until UAC removed.

Limit feeding trials to 30 minutes per feed.

GOAL:

Once tolerating goal volume for 24 hours, consider fortifying feeds to reach 
goal calories (115 kcal/kg/day). Please consult with dietician and APN/MD. 

“GREEN” Newborn Feeding Guideline
EXTUBATED

Please maintain baseline criteria at all times. For any of the following breach of criteria
please HOLD feeds and discuss with APN/MD immediately: 

Arterial pH < 7.35, Venous pH < 7.30, Lactate > 2, Base Deficit ≥ 4, 
Increase in abdominal girth > 10%, initiation of epinephrine or dopamine drip

Day 2: Inadequate Intake* – PO/NG

If NOT taking adequate PO*, transition to 
PO/NG gavage feeds and advance as follows:

Offer PO first (limit to 10 minute trial), then
NG gavage remaining volume:

Start: 3   mL/kg/feed q 3 hrs
Advance: 3   mL/kg/feed q 24 hrs 
Goal: 18 mL/kg/feed q 3 hrs 

If patient has UAC, limit feeds to 9mL/kg/feed

APN to write TPN weaning orders.
Goal volume provides approx. 145 mL/kg/d

Example: For 3 kg infant, Day 2 start 9 mL q 3 hrs, 
Day 3 advance 18 mL q 3 hrs, Day 4 advance 27 
mL q 3 hrs and so on to a goal of 54 mL q 3 hrs.
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