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ABSTRACT

Background and Objectives: This study aimed to provide morbidity and mortality information
on very low birth weight (VLBW) infants with congenital heart disease (CHD-VLBWs).
Methods: The study used a 10-year cohort of VLBW infants from a single institution. CHD
was classified according to International Classification of Diseases, Version 9, Clinical
Modification. Mortality and neonatal outcomes were assessed by comparing the CHD-VLBWs
with gestational age- and birth weight-matched controls.

Results: The prevalence of CHD-VLBWSs was 7.5% (79/1,050), mean gestational age was
31.1#3.2 weeks, and mean birth weight was 1,126.2+268.3 g; 50.6% of the infants were small
for the gestational age. The CHD-VLBWs more commonly had bronchopulmonary dysplasia
(BPD), and the longer they were exposed to oxygen, the more frequently they developed
BPD. Those with cyanotic heart disease developed severe BPD more frequently. Necrotizing
enterocolitis (NEC) occurred frequently in the CHD-VLBWs and was not associated with
their feeding patterns. CHD-VLBWs had a higher mortality rate; prematurity-related diseases
were the leading cause of death before surgery, while heart-related problems were the
leading cause of death after surgery. We found no significant difference in mortality from
prematurity-related disease between the CHD-VLBWSs and controls. In the subgroup analysis
of CHD, the cyanotic CHD group had a higher incidence of BPD and higher mortality rate
than the acyanotic CHD group.

Conclusions: CHD-VLBWs showed higher BPD, NEC, and mortality rates than those without
CHD. There was also a higher incidence of BPD and mortality in VLBW infants with cyanotic
CHD than in those with acyanotic CHD.

Keywords: Congenital heart defect; Preterm infants; Very-low-birth-weight infant;
Bronchopulmonary dysplasia; Necrotizing enterocolitis

INTRODUCTION

Congenital heart disease (CHD) is one of the most common birth defects, with an incidence of
5-8 per 1,000 live births.” However, its incidence is 2 times higher in preterm than full-term
infants.? In addition, the incidence of CHD reportedly increases to 20—40 per 1,000 live births
in very low birth weight (VLBW) infants weighing less than 1,500 g. The survival rate of VLBW
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infants is increasing due to advances in neonatal medicine; thus, the number of VLBW infants
with CHD (CHD-VLBWSs) is also expected to increase. These CHD-VLBWs are considered a
unique patient group that has characteristics of both CHD patients and VLBW infants.

However, studies of CHD-VLBWs are insufficient to date. Past studies on preterm infants with
CHD mainly included infants under 37 or 35 weeks of gestational age,” and most were based
on insurance or big data rather than clinical data®®; thus, the derived information cannot aid
clinicians in the clinical setting. Therefore, more specific information is needed to determine
whether CHD-VLBWs develop more prematurity-associated diseases than VLBW infants,
which factors are related with the disease in CHD-VLBWSs, which patients have a worse
prognosis in cyanotic CHD, and the surgery-related prognosis.

This study aimed to determine the morbidity, associated risk factors, and mortality of CHD-
VLBWs using detailed clinical data obtained from a single institution.

METHODS

Study design and population

This retrospective study included a cohort of infants with a birth weight of less than 1,500 g
who were admitted to the neonatal intensive care unit (NICU) of a tertiary hospital between
2007 and 2016. Among them, infants with congenital anomalies other than CHD (e.g.,
VACTERL association, tracheoesophageal fistula, duodenal atresia), infants transferred

to other hospitals, and those for whom insufficient medical records were available were
excluded from the analysis. CHD was classified according to International Classification

of Diseases, Version 9, Clinical Modification code, and cases of atrial septal defect (ASD)
without other heart defects or isolated preterm patent ductus arteriosus (PDA) were also
excluded. Based on the selected CHD group, the control group within +5% of birth weight
and #5 days of birth age were matched (one-to-one matching). However, the influence

of sex on the morbidity and mortality of CHD and preterm infants was considered to be
controversial; therefore, sex was not considered when matching.”® In CHD, cyanotic and
acyanotic heart disease were categorized accordingly.

We obtained the following data for infants and mothers after the study received approval
from the Institutional Review Board (2017-1251), and consent was waived. Perinatal
characteristics included maternal age, delivery mode, pregnancy-induced hypertension,
chorioamnionitis, and use of antenatal steroids. Neonatal characteristics included
gestational age, birth weight, sex, head circumference, height, 1- and 5-minute Apgar scores,
and small for gestational age (SGA) status.” Respiratory distress syndrome was limited to
cases of surfactant use, bronchopulmonary dysplasia (BPD) was defined according to Eunice
Kennedy Shriver National Institute of Child Health and Human Development classification.'”
Mechanical ventilator (MV) duration was divided into total and invasive MV durations, and
the total oxygen requirement period was also investigated. Necrotizing enterocolitis (NEC)
was defined as stage II or above according to Bell's criteria,™” and, in order to evaluate
whether feeding advance was related to NEC, relevant data was investigated, In this NICU,
feeding was conducted according to Simpson et al.”? Early enteral feeding was defined

as starting to feed within 96 hours after birth." Intraventricular hemorrhage (IVH) was
defined by Papille,* and retinopathy of prematurity (ROP) was diagnosed according to the
international classification of ROP." Late-onset sepsis (LOS) was identified by blood or
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cerebrospinal fluid culturing beyond 72 hours after birth. Total hospitalization and mortality
were also investigated, and mortality was divided into preoperative and postoperative. Death
caused by respiratory distress syndrome, BPD, NEC, IVH, or LOS was defined as death due to
prematurity-related diseases.

Statistical analysis

The 7 test, Fisher's exact test, and t-test were used in SPSS 22.0 for Windows (SPSS Inc.,
Chicago, IL, USA) to compare the morbidity and mortality rates in VLBW infants with versus
without CHD. Neonatal variables, complications, and death between cyanotic and acyanotic
CHD cases were analyzed through the ¥ test, Fisher's exact test, and t-test. Early enteral
feeding (<96 hours) and first feeding day related with NEC in the CHD group were analyzed
by the y? test and the Mann-Whitney U test. Multivariate logistic analysis was carried out to
identify the risk factors associated with BPD in CHD-VLBWs.

RESULTS

A total 0f1,230 VLBW infants were born during the study. Among them, 1,050 were analyzed;
38 infants with simple secundum ASD without accompanying other heart defect, 31 who
were transferred to other hospitals, 92 for whom insufficient medical records were available,
and 19 with other congenital anomalies were omitted. Seventy-nine (7.5%) infants were
diagnosed with CHD, of whom 58 had acyanotic CHD and 21 had cyanotic CHD (Figure 1).
The mean gestational age was 31.1+3.2 weeks and mean birth weight was 1,126.2+268.3 g;
50.6% were SGA.

The most common CHD was ventricular septal defect (VSD; n = 42 [53.1%]), coarctation
of the aorta (n =7 [8.8%]), and tetralogy of Fallot (TOF; n = 6 [7.6%]) in order. Seventeen
patients (21.5%) died, 10 (12.6%) of whom died preoperatively and the causes of death

included 5 (6.3%) of prematurity-related diseases, 5 (6.3%) of heart failure, and 7 (8.9%)

Infants birth weight <1,500 g
(n=1,230)

Exclusion (n=180)
38 atrial septal defect
31 transfer to other hospital
92 unusable medical record
19 congenital anomalies

Study population

(n=1,050)
Selective controls Congenital heart disease
(n=158) (n=79)
Cyanotic heart disease Non-cyanotic heart disease
(n=21) (n=58)

Figure 1. Study population eligibility and enrollment.

https://doi.org/10.4070/kcj.2020.0135 m5


https://e-kcj.org

C

VLBW Infants with Congenital Heart Disease Korean Circulation Journal

Table 1. Distribution of congenital heart disease by International Classification of Diseases, Version 9, Clinical Modification code

. . Prematurity disease- Heart failure- Heart surgery- Total
Congenital heart disease No. (%) relatedydeath related death related d%at{l mortality
Acyanotic heart disease

VSD 42 (53.1) 1 1 1 3
Coarctation of the aorta 7(8.8) 0 2 1 3
Valvular type of pulmonary stenosis 6 (7.6) 0 1 0 1
Pulmonary atresia with VSD 2(2.5) 0 0 0 0
Complete atrioventricular septal defect 1(1.3) 0 0 0 0
Cyanotic heart disease
Tetralogy of Fallot 6 (7.6) 1 1 1 3
Functional single ventricle 4 (5.1) 0 o] 3 3
Double-outlet right ventricle 3(3.8) 1 0 0 1
Pulmonary atresia with intact ventricular septum 3(3.8) 0 0 0 0
Transposition of the great arteries 2 (2.5) 1 o] 0 1
Hypoplastic left heart syndrome 1(1.3) 1 o] 0 1
Ebstein anomaly 1(1.3) 0 0 0 0
Truncus arteriosus 1(1.3) 0 0 1 1
Total 79 (100.0) 5 5 7 17

VSD = ventricular septal defect.

https://e-kcj.org

died after surgery, all of whom died of heart surgery-related diseases (Table 1). Of the 7 post-
operative deaths, 6 (85.7%) occurred in patients who previously underwent pulmonary artery
banding (PAB) and 1 (14.3%) occurred in a patient after undergoing widening of the right
ventricular outflow tract in TOF. Among the patients who underwent surgery, 6 underwent
PAB, and all 6 died. Other patients who underwent central shunt procedures, pulmonary
valvotomy, coarctoplasty, or VSD repair survived.

Clinical characteristics and neonatal outcomes were compared between the CHD-VLBWs
group and the matched control group. Although there was no statistically significant
intergroup difference in demographic variables, the incidence of moderate to severe BPD
and severe BPD was higher in CHD-VLBWs than in controls. There were no statistically
significant intergroup differences in surgical and drug treatment for PDA that could affect
the development of BPD. NEC occurred more frequently in the CHD-VLBWs. The time to
reach a feeding up to 100 mL/kg/day and first enteral feeding days were longer in the CHD-
VLBWs than controls regardless of breast milk or preterm formula. The CHD-VLBWs had
higher mortality and prolonged hospitalization rates. It has also been shown to increase
mortality in both acyanotic and cyanotic CHD patients. No significant difference in mortality
due to prematurity-related diseases was found according to the presence or absence of CHD.
However, IVH, ROP, and LOS did not differ significantly between the 2 groups (Table 2).
Through the analysis to determine the factors that increase the risk of BPD in CHD-VLBWs ,
mechanical ventilation duration, oxygen supplementation duration, cyanotic heart disease,
and LOS were identified as risk factors. Among these factors, as the durations of mechanical
ventilation and oxygen supplementation showed multicollinearity, oxygen supplementation
was chosen and adjusted in the multiple regression analysis. After the relevant factors

were adjusted, the oxygen supplementation duration was found to be a risk factor for the
development of moderate-to-severe BPD and severe BPD, and cyanotic CHD was a risk
factor of severe BPD (Table 3). On multivariate analysis, the incidence of NEC was associated
with CHD in whole cases and not with other factors, such as first enteral feeding day or
advancement in feeding to 100 mL/kg/day. To identify feeding advancing factors in connection
with the development of NEC in CHD-VLBWs, early enteral feeding and the beginning of the
first feeding were analyzed; however, no statistically significant association with NEC was
detected (Table 4).
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Table 2. Comparing characteristics, morbidity and mortality between CHD and no CHD groups

Characteristic CHD (n=79) No CHD (n=158) p value
Gestational age (weeks) 31.1£3.2 31.0+3.1 0.859"
Birth weight (g) 1,126.2+268.3 1,121.7+267.2 0.904"
SGA (<10th percentile) 40 (50.6) 85 (46.2) 0.5207
Severe SGA (<3rd percentile) 30 (38.0) 58 (36.7) 0.8497
Height (cm) 37.1£3.5 36.7+3.6 0.463"
Head circumference (cm) 26.8+2.6 26.7+3.4 0.770"
Male 41 (51.9) 77 (48.7) 0.646"
Cesarean delivery 64 (81.0) 131 (82.9) 0.718%
Multiple pregnancy 19/49 (38.8) 72/158 (45.6) 0.403f
Inborn 73 (92.4) 151 (95.6) 0.367*
Maternal age (years) 32.5+4.0 392.3+4.0 0.934"
Chorioamnionitis 14/73 (19.2) 35/152 (23.0) 0.5137
Pregnancy-induced hypertension 14/77 (18.2) 39/158 (24.7) 0.263"
Antenatal steroid 56 (70.9) 111 (70.3) 0.9207
1-min Apgar score 5(3-6) 6 (5-6) <0.001*
5-min Apgar score 7 (5.5-8) 8 (7-8) 0.001*
Respiratory distress syndrome 37 (46.8) 59 (37.3) 0.1607
Pharmacological PDA treatment 15/73 (20.5) 45/158 (28.5) 0.201F
Surgical ligation of PDA 5/73 (6.8) 10/158 (6.3) 1.0
Moderate to severe BPD 30/68 (44/1) 19/152 (12.5) <0.001%
Severe BPD 19/68 (27.9) 4/152 (2.6) <0.001"
Invasive MV (days) 23.2+43.1 5.3+12.0 <0.001*
Total MV (days) 30.5+45.3 13.8+20.1 <0.001*
Oxygen use period (days) 41.3+50.9 93.4+28.9 0.001"
NEC stage >2 8/72 (11.1) 4/156 (2.6) 0.020%
First enteral feeding (days) 6.3+8.7 3.8+4.2 0.004"
100 mL/kg/day reaching period (days) 34.0+25.2 22.1+15.0 <0.001"
IVH grade >3 0/75 (0.0) 5/157 (3.2) 0.178%
ROP stage »2 4/69 (5.8) 9/152 (5.9) 1.0*
ROP stage >3 3/69 (4.3) 8/152 (5.3) 1.0%
ROP laser treatment 4/69 (5.8) 7/152 (4.6) 0.743%
Late-onset sepsis 13/76 (17.1) 30/157 (19.1) 0.7121
Hospitalization period (days) 66.7+46.9 50.4+24.5 0.001"
Mortality 17/79 (21.5) 6/158 (3.8) <0.001"
Acyanotic CHD 7/58 (12.1) 6/158 (3.8) 0.046"
Cyanotic CHD 10/21 (47.6) 6/158 (3.8) <0.001*
Death due to prematurity-related 5/79 (6.3) 6/158 (3.8) 0.513*

Continuous variables are expressed as mean+standard deviation, median (interquartile range), and categorical
variables as number (%o).

BPD = bronchopulmonary dysplasia; CHD = congenital heart disease; IVH = intraventricular hemorrhage; MV =
mechanical ventilator; NEC = necrotizing enterocolitis; PDA = patent ductus arteriosus; ROP = retinopathy of
prematurity; SGA = small for gestational age.

*By a t-test; TBy ” test; *By Fisher's exact test.

Of 79 CHD-VLBWs, there were 21 cases of cyanotic CHD. The most common cyanotic CHD
was TOF (6 cases [28.5%]), functional single ventricle (4 cases [19.0%]), double-outlet right
ventricle (3 cases [14.0%]), and pulmonary atresia with intact ventricle septum (3 cases,
14.0%). The incidence of moderate to severe BPD and severe BPD was higher in cyanotic
CHD than acyanotic CHD. However, IVH, ROP, LOS, and NEC did not differ significantly
between the 2 groups. Use of prostaglandin E1 was more common in the cyanotic CHD
group. Cyanotic CHD-VLBWs underwent heart surgery more frequently than acyanotic
CHD-VLBWs during hospitalization in the NICU and including after discharge, respectively
(p=0.018, p=0.003). The mortality rate was also higher in cyanotic CHD-VLBWs (Table 5).

Heart surgery itself did not affect postoperative mortality (p=0.770). However, moderate to
severe BPD and severe BPD were increased in CHD-VLBWs who underwent surgery (p=0.030,
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Table 3. Multiple regression analysis of the BPD-related factors in very low birth weight infants with CHD

. Moderate-to-severe BPD Moderate-to-severe BPD Severe BPD Severe BPD
Variable value p value p value p value

Crude OR (95% Cl) OR (95% CI) Crude OR (95% Cl) OR (95% CI)

Gestational age (weeks) 0.98 (0.95-1.00) 0.125 0.97 (0.94-1.00) 0.052
Birth weight (g) 0.99 (0.99-1.00) 0.470 1.00 (0.99-1.00) 0.766
Male (sex) 1.02 (0.39-2.68) 0.954 0.98 (0.34-2.84) 0.975
Cesarean delivery 1.33 (0.38-4.59) 0.648 0.54 (0.15-1.94) 0.492
Chorioamnionitis 1.82 (0.49-6.76) 0.505 1.95 (0.488-7.81) 0.445
PIH 3.14 (0.84-11.7) 0.079 2.95 (0.61-8.31) 0.984
SGA (<10th percentile) 0.61(0.23-1.62) 0.329 0.47 (0.160-1.41) 0.177
Antenatal steroid 0.71 (0.25-2.03) 0.528 0.61(0.20-1.91) 0.402
RDS 1.34 (0.50-3.53) 0.552 3.93 (1.07-9.71) 0.033 2.60 (0.42-15.78) 0.299
Invasive MV (days) 1.05 (1.01-1.08) 0.002 NA NA 1.07 (1.03-1.12) <0.001 NA NA
Total MV (days) 1.05 (1.02-1.09) <0.001 NA NA 1.11 (1.05-1.18) <0.001 NA NA
Oxygen use period 1.06 (1.03-1.09) <0.001 1.06 (1.02-1.09) <0.001 1.05 (1.02-1.08) <0.001 1.04 (1.01-1.07) 0.003
(days)
Cyanotic CHD 4.92 (1.37-17.60) 0.014 1.80 (0.33-9.89) 0.495 9.77 (2.68-35.55) <0.001 9.62 (1.48-62.55) 0.018
Late-onset sepsis 6.54 (1.27-33.66) 0.025 1.93 (0.22-16.66) 0.547 8.94 (2.00-39.85) 0.004 5.80 (0.77-43.48) 0.087

BPD = bronchopulmonary dysplasia; CHD = congenital heart disease; Cl = confidence interval; MV = mechanical ventilator; NA = not applicable; OR = odds ratio;
PIH = pregnancy-induced hypertension; RDS = respiratory distress syndrome; SGA = small for gestational age.

Table 4. NEC-related factors in very low birth weight infants with CHD

Variable NEC in CHD (n=8) No NEC in CHD (n=64) Crude OR (95% ClI) p value
Gestational age (weeks) 29.7+3.4 31.5+3.0 0.97 (0.93-1.00) 0.130*

Birth weight (g) 1,128.7+278.8 1,130.1£262.1 1.00 (0.99-1.00) 0.929*
Male 2 (25.0) 35 (54.7) 0.27 (0.05-1.47) 0.1461
Cesarean delivery 8 (100.0) 50 (78.1) 0.78 (0.68-0.88) 0.3411

Chorioamnionitis 3(37.5) 9/59 (15.3) 3.40 (0.68-16.79) 0.141F

PIH 2 (25.0) 11/62 (17.7) 1.54 (0.27-8.69) 0.636"
SGA (<10th percentile) 2 (25.0) 32 (50.0) 0.33 (0.63-1.77) 0.267"
Antenatal steroid 5(62.5) 46 (71.9) 0.65 (0.14-3.01) 0.684"
RDS 2 (25.0) 926 (40.6) 4.38 (0.82-23.43) 0127

Moderate to severe BPD 3/5 (60.0) 27/63 (42.9) 2.00 (0.31-12.81) 0.648"
Severe BPD 3/5 (60.0) 16/63 (25.4) 4.40 (0.67-28.78) 0.1291

Late-onset sepsis 2 (25.0) 9 (14.1) 2.03 (0.35-11.70) 0.5991
Cyanotic CHD 3(37.5) 13 (20.3) 2.35 (0.49-11.15) 0.3641
First enteral feeding (days) 9.7£11.6 5.7+9.6 1.03 (0.99-1.07) 0.367"
Early enteral feeding (<96 hours) 3 (37.5) 41/63 (65.1) 0.32 (0.07-1.47) 0.245"
100 mL/kg/day reaching period (days) 37.6+31.8 33.5+95.3 1.00 (0.96-1.04) 0.877"

Continuous variables are expressed as mean=standard deviation and categorical variables as number (%).
BPD = bronchopulmonary dysplasia; CHD = congenital heart disease; Cl = confidence interval; NA = not applicable; NEC = necrotizing enterocolitis; OR = odds

ratio; PIH = pregnancy-induced hypertension; RDS = respiratory distress syndrome; SGA = small for gestational age.

*By Mann-Whitney U test; TBy Fisher's exact test.

https://e-kcj.org

p=0.041, respectively). Other morbidities such as NEC, ROP, IVH, and LOS did not differ
significantly between CHD-VLBWs who underwent surgery and those who did not (Table 6).

DISCUSSION

Analyses of data from CHD-VLBWs revealed the following major findings. First, CHD was
significantly associated with moderate to severe BPD and severe BPD, and the risk was
further augmented by the oxygen supply duration. Second, NEC occurred frequently in
CHD-VLBWs and was not associated with their feeding pattern. Third, CHD was associated
with increased mortality, where the high mortality can be attributed to cyanotic CHD.

Our study had methodological advantages over the before mentioned studies of preterm
infants with CHD.9%) First, the included data were obtained from a single cohort using a
consistent treatment strategy. Second, detailed datasets on the respiratory variables in terms

https://doi.org/10.4070/kcj.2020.0135
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Table 5. Characteristics, morbidities, and mortality between cyanotic and acyanotic CHD groups

Characteristics Cyanotic CHD (n=21) Acyanotic CHD (n=58) p value
Gestational age (weeks) 30.5+3.0 31.3+3.2 0.332"
Birth weight (g) 1,186.6+331.2 1,104.3+249.0 0.232"
Male 11 (52.4) 30 (51.7) 0.959"
Chorioamnionitis 5/19 (26.3) 9/54 (16.7) 0.498%
Moderate to severe BPD 11/15 (73.3) 19/53 (35.8) 0.010"
Severe BPD 10/15 (66.7) 9/53 (17.0) <0.007*
Invasive MV (days) 38.8+36.5 17.6+44.2 0.054%
Total MV (days) 45.9+43.5 95.1+45.1 0.081"
Oxygen use period (days) 55.5+55.7 36.2+48.5 0.137¢
NEC stage >2 3/16 (18.8) 5/56 (8.9) 0.364%
Surgical NEC 1/16 (6.2) 3/56 (5.3) 1.0+
IVH stage >3 0/19 (0.0) 0/56 (0.0) 1.0t
ROP stage >2 1/15 (6.7) 3/54 (5.6) 1.0%
ROP stage >3 0/15 (0.0) 3/54 (5.6) 1.07
Late-onset sepsis 6/19 (31.6) 7/57 (12.3) 0.077*
Use of prostaglandin E1 15 (71.4) 1 (19.0) <0.001*
Heart surgery 15 (71.4) 20 (34.5) 0.003"
Heart surgery during NICU stay 10 (47.6) 12 (20.7) 0.018"
Palliative surgery 7/10 (70.0) 3/12 (25.0) 0.084%
Correctional age (weeks) 39.0+6.1 38.3+3.1 0.754*
Body weight (g) 1,820.0+661.9 9,377.5+1,077.7 0.170"
Mortality 10 (47.6) 7 (12.1) 0.002*

Continuous variables are expressed as mean=standard deviation and categorical variables as number (%).

BPD = bronchopulmonary dysplasia; CHD = congenital heart disease; IVH = intraventricular hemorrhage; MV =
mechanical ventilator; NEC = necrotizing enterocolitis; NICU = neonatal intensive care unit; ROP = retinopathy of
prematurity.

*By t-test; TBy ¥ test; By Fisher's exact test.

Table 6. Characteristics, morbidity, and mortality of CHD patients who did versus did not undergo heart surgery

Outcome CHD with heart surgery CHD without heart surgery

(n=35) (n=44) p value
Moderate to severe BPD 19/33 (57.6) 11/35 (31.4) 0.030"
Severe BPD 13/33 (39.4) 6/35 (17.1) 0.041"
NEC stage >2 3/33 (9.1) 5/39 (12.8) 0.719%
IVH stage >3 0 (0.0) 0 (0.0) 1.07
ROP stage >2 3/33 (9.1) 1/36 (2.8) 0.343t
ROP stage >3 2/33 (6.1) 1/36 (2.8) 0.603"
Late-onset sepsis 5/34 (14.7) 8/42 (19.0) 0.617*
Mortality 7 (20.0) 10 (22.7) 0.770*

Values are presented as number (%).

BPD = bronchopulmonary dysplasia; CHD = congenital heart disease; IVH = intraventricular hemorrhage; NEC =
necrotizing enterocolitis; ROP = retinopathy of prematurity.

*By 2 test; TBy Fisher's exact test.

of ventilator use, oxygen supply, and feeding protocol were available. Notably, our results
suggest that CHD is a risk factor for rather than simply being associated with BPD, NEC, and
mortality in VLBW infants.

The present study confirmed the increased BPD in CHD-VLBWs and the increased duration
of the oxygen supply further enhanced the reliability of our results. In preterm infants,

BPD is caused by several factors, and postnatal factors include ventilator-induced lung
injury and oxygen toxicity."”) In the case of CHD, ventilator and oxygen use is known to be
increased due to impaired cardiac function, pulmonary hypertension, and the open sternum
status associated with surgery.'” Therefore, CHD-VLBWs are generally expected to develop
more BPD. Nevertheless, controversy persists regarding the association between CHD and
BPD in preterm infants. Pappas et al.” reported no relationship between CHD and BPD in
extremely low birth weight infants weighing less than 1,000 g but did not perform a further
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analysis of BPD risk factors such as ventilator duration and oxygen supply. In contrast, Polito
etal.’” reported a 4-fold increase in BPD incidence when CHD coexisted in VLBW infants.
However, when the results were further analyzed including ventilator use and oxygen supply,
the correlation was weakened.' The present study demonstrated that the incidence rates of
moderate-to-severe BPD and severe BPD increased in the CHD-VLBWs and were related to
oxygen supplementation duration. In the multivariate analysis, cyanotic CHD was related

to the incidence of severe BPD in the CHD-VLBWs. In addition, cyanotic CHD-VLBWs more
commonly develop BPD than acyanotic CHD-VLBWSs, which is consistent with the finding that
term infants with cyanotic CHD require longer ventilator support.” Norman et al.*® reported
that oxygen supplementation to very preterm infants with CHD when BPD was diagnosed at
36 weeks of postmenstrual age was mainly due to the cyanotic CHD and heart failure that may
accompany it. This suggests that unnecessary oxygen supplementation because of concerns
about low oxygen saturation can be rather harmful to cyanotic CHD-VLBWs.

CHD was a risk factor that increased the incidence of NEC in VLBW infants. NEC can be
caused by intestinal epithelial injury, transmural damage, and perforation of the intestine
through inflammation or ischemia.?V Although the cause of NEC in preterm infants is
multifactorial, inflammation is considered the main trigger mechanism versus ischemia.?)
The occurrence of NEC in CHD is known to be due to changes in the hemodynamic
circulation.”? CHD could contribute to bowel ischemia rather than inflammation by
decreasing cardiac output and causing cyanosis and congestive heart failure, possibly leading
to NEC.?? In CHD-VLBW infants, in which the 2 risk factors of inflammation and ischemia
coexist, the incidence of NEC may be higher. In fact, the incidence of NEC in CHD-VLBW
infants was reported 8.6-13.1%”? in previous studies and 11.1% in the present study,
which is higher than that of 2-9% in VLBW infants.?* To date, studies indicate that there
may be controversy, in that the differences in the incidence of NEC may be caused by the
different hemodynamic problems of each CHD.? It is logical that bowel ischemia may be
caused by the difference in hemodynamic circulation; however, the present study did not
identify differences in the incidence of NEC in the analysis of acyanotic versus cyanotic CHD.
Early enteral feeding within 96 h after birth may reduce gastrointestinal atrophy, feeding
intolerances, and NEC in preterm infants.”? However, the present study suggests that the
incidence of NEC may not be related to the feeding pattern, such as the start of feeding and
the rate of feeding progression in CHD-VLBWs. For clinicians who are concerned about the
feeding protocol due to hemodynamic problems in CHD-VLBWSs, the results may be helpful
regarding enteral feeding.

It is not surprising that newborns with CHD have a higher mortality rate than those without.
This result was consistent with the increase in mortality in the CHD group in this study of
VLBW infants. The mortality rate of CHD-VLBWs in this study was 21.5%, similar to the
26.7% reported in a previous study.? It is also known that critical CHD, especially cyanotic
CHD, has a relatively high mortality rate among all CHD.* The majority of cyanotic CHD
cases often require surgical treatment in the early days of life; however, when the birth weight
is very low, it is challenging to perform surgical treatment. For this reason, cyanotic CHD

in VLBW infants is expected to have a higher mortality rate than acyanotic CHD-VLBWs. In
addition, this study confirmed that CHD-VLBWs died not only of heart disease but also of
prematurity-related diseases. Patterns of causing mortality in CHD-VLBWs were different
according to the endurance to the point of cardiac surgery. The major causes of mortality of
post-cardiac surgery were complications associated with surgery. On the other hand, if the
infant died while waiting for surgery, the major causes of death were related to prematurity
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itself, probably because the heart problem was not severe enough for the need of urgent
cardiac surgery. However, the predominant cause of overall death was surgery-related, so if
surgical technique is improved in the future, the mortality rate may be reduced accordingly.
In this study, all the patients who underwent PAB died, and PAB was also the leading cause
of death after surgery. From previous reports, we can estimate that the success rate is not
high even though a few cases of successful PAB in VLBW infants have been reported.?*?
Therefore, among the various surgical techniques, PAB needs surgical development.

In addition, several studies reported that the prevalence of SGA is 8.6-9.6% in several
countries.? In this study, the rate of SGA in CHD-VLBWSs was 50.6%, higher than other CHD
rates 0f 16.7-27.0%.9%° Preterm SGA infants have more morbidities such as BPD, NEC, and
LOS and mortalities than infants with appropriate size for gestational age.?® Therefore, CHD-
VLBWs were matched with controls according to gestational age and birth weight to adjust
for biases that could influence SGA-related premature morbidities.

This study has some limitations. Above all, the development of neonatology over time was
not considered. In the relatively long study period of 10 years, period matching was not
performed when matching the control groups. Even during a relatively long study period,
the number of CHD-VLBWSs was small, so the timing was difficult to match. With the recent
advances in neonatology, the incidence of morbidities such as BPD, NEC, IVH, and ROP
and the mortality rates of VLBW infants have improved over time. Therefore, if more study
subjects are recruited in future studies, the study period must be considered. In the end, the
present study was limited by its small population consisting of a retrospective cohort from

a single institution. However, since it was limited to a single institution, data of precise
ventilator use, oxygen supply, and feeding were available, which provided more accurate
information regarding BPD and NEC. In this study, the CHD-VLBWs had increased BPD and
NEC, and further studies on strategies for preventing BPD and NEC with a large number of
CHD-VLBWs can be expected.

REFERENCES

1. Moons P, Sluysmans T, De Wolf D, et al. Congenital heart disease in 111 225 births in Belgium: birth
prevalence, treatment and survival in the 21st century. Acta Paediatr 2009;98:472-7.
PUBMED | CROSSREF

2. Tanner K, Sabrine N, Wren C. Cardiovascular malformations among preterm infants. Pediatrics
2005;116:e833-8.
PUBMED | CROSSREF

3. Kecskes Z, Cartwright DW. Poor outcome of very low birthweight babies with serious congenital heart
disease. Arch Dis Child Fetal Neonatal Ed 2002;87:F31-3.
PUBMED | CROSSREF

4. Lopes SAVDA, Guimaries ICB, Costa SFO, Acosta AX, Sandes KA, Mendes CMC. Mortality for critical
congenital heart diseases and associated risk factors in newborns. a cohort study. Arq Bras Cardiol
2018;111:666-73.
PUBMED | CROSSREF

S. FisherJG, Bairdain S, Sparks EA, et al. Serious congenital heart disease and necrotizing enterocolitis in
very low birth weight neonates. J Am Coll Surg 2015;220:1018-1026.€14.
PUBMED | CROSSREF

6. Pappas A, Shankaran S, Hansen NI, et al. Outcome of extremely preterm infants (<1,000 g) with
congenital heart defects from the National Institute of Child Health and Human Development Neonatal
Research Network. Pediatr Cardiol 2012;33:1415-26.
PUBMED | CROSSREF

https://e-kcj.org https://doi.org/10.4070/kcj.2020.0135 1121


http://www.ncbi.nlm.nih.gov/pubmed/19046347
https://doi.org/10.1111/j.1651-2227.2008.01152.x
http://www.ncbi.nlm.nih.gov/pubmed/16322141
https://doi.org/10.1542/peds.2005-0397
http://www.ncbi.nlm.nih.gov/pubmed/12091287
https://doi.org/10.1136/fn.87.1.F31
http://www.ncbi.nlm.nih.gov/pubmed/30281694
https://doi.org/10.5935/abc.20180175
http://www.ncbi.nlm.nih.gov/pubmed/25868405
https://doi.org/10.1016/j.jamcollsurg.2014.11.026
http://www.ncbi.nlm.nih.gov/pubmed/22644414
https://doi.org/10.1007/s00246-012-0375-8
https://e-kcj.org

VLBW Infants with Congenital Heart Disease

C

Korean Circulation Journal

https://e-kcj.org

7. Shim SY, Cho SJ, Kong KA, Park EA. Gestational age-specific sex difference in mortality and morbidities
of preterm infants: a nationwide study. Scf Rep 2017;7:6161.
PUBMED | CROSSREF
8. D'Alto M, Budts W, Diller GP, et al. Does gender affect the prognosis and risk of complications in patients
with congenital heart disease in the modern era? Int ] Cardiol 2019;290:156-61.
PUBMED | CROSSREF
9. Fenton TR, Kim JH. A systematic review and meta-analysis to revise the Fenton growth chart for preterm
infants. BMC Pediatr 2013;13:59.
PUBMED | CROSSREF
10. Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am | Respir Crit Care Med 2001;163:1723-9.
PUBMED | CROSSREF
11.  Walsh MC, Kliegman RM. Necrotizing enterocolitis: treatment based on staging criteria. Pediatr Clin North
Am1986;33:179-201.
PUBMED | CROSSREF
12. Simpson C, Schanler RJ, Lau C. Early introduction of oral feeding in preterm infants. Pediatrics
2002;110:517-22.
PUBMED | CROSSREF
13. Salas AA, Kabani N, Travers CP, Phillips V, Ambalavanan N, Carlo WA. Short versus extended duration
of trophic feeding to reduce time to achieve full enteral feeding in extremely preterm infants: an
observational study. Neonatology 2017;112:211-6.
PUBMED | CROSSREF
14. Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of subependymal and
intraventricular hemorrhage: a study of infants with birth weights less than 1,500 gm.  Pediatr
1978;92:529-34.
PUBMED | CROSSREF
15. Aninternational classification of retinopathy of prematurity. The Committee for the Classification of
Retinopathy of Prematurity. Arch Ophthalmol1984;102:1130-4.
PUBMED | CROSSREF
16. DPolito A, Piga S, Cogo PE, et al. Increased morbidity and mortality in very preterm/VLBW infants with
congenital heart disease. Intensive Care Med 2013;39:1104-12.
PUBMED | CROSSREF
17.  Speer CP. Pulmonary inflammation and bronchopulmonary dysplasia. | Perinatol 2006;26 Suppl 1:S57-62.
PUBMED | CROSSREF
18. Alrddadi SM, Morsy MM, AlbakriJK, et al. Risk factors for prolonged mechanical ventilation after surgical
repair of congenital heart disease. Experience from a single cardiac center. Saudi Med ] 2019;40:367-71.
PUBMED | CROSSREF
19. Shi§, Zhao Z, Liu X, et al. Perioperative risk factors for prolonged mechanical ventilation following
cardiac surgery in neonates and young infants. Chest 2008;134:768-74.
PUBMED | CROSSREF
20. Norman M, Hakansson S, Kusuda S, et al. Neonatal outcomes in very preterm infants with severe
congenital heart defects: an international cohort study. J Am Heart Assoc 2020;9:€015369.
PUBMED | CROSSREF
21. NeuJ, Walker WA. Necrotizing enterocolitis. N Engl ] Med 2011;364:255-64.
PUBMED | CROSSREF
22. Giannone PJ, Luce WA, Nankervis CA, Hoffman TM, Wold LE. Necrotizing enterocolitis in neonates with
congenital heart disease. Life Sci 2008;82:341-7.
PUBMED | CROSSREF
23. Bain]J, Benjamin DK Jr, Hornik CP, Benjamin DK, Clark R, Smith PB. Risk of necrotizing enterocolitis in
very-low-birth-weight infants with isolated atrial and ventricular septal defects. J Perinatol 2014;34:319-21.
PUBMED | CROSSREF
24. Battersby C, Santhalingam T, Costeloe K, Modi N. Incidence of neonatal necrotising enterocolitis in high-
income countries: a systematic review. Arch Dis Child Fetal Neonatal Ed 2018;103:F182-9.
PUBMED | CROSSREF
25. Henderson G, Craig S, Brocklehurst P, McGuire W. Enteral feeding regimens and necrotising enterocolitis
in preterm infants: a multicentre case-control study. Arch Dis Child Fetal Neonatal Ed 2009;94:F120-3.
PUBMED | CROSSREF
26. Kawahira Y, Nishigaki K, Maehata Y. Bilateral pulmonary artery banding for extremely low birth weight
infants with coarctation or interruption of the aorta weighing less than 1.0 kg. | Thorac Cardiovasc Surg
2010;139:1339-40.
PUBMED | CROSSREF
https://doi.org/10.4070/kcj.2020.0135 1122


http://www.ncbi.nlm.nih.gov/pubmed/28733681
https://doi.org/10.1038/s41598-017-06490-8
http://www.ncbi.nlm.nih.gov/pubmed/31085083
https://doi.org/10.1016/j.ijcard.2019.05.010
http://www.ncbi.nlm.nih.gov/pubmed/23601190
https://doi.org/10.1186/1471-2431-13-59
http://www.ncbi.nlm.nih.gov/pubmed/11401896
https://doi.org/10.1164/ajrccm.163.7.2011060
http://www.ncbi.nlm.nih.gov/pubmed/3081865
https://doi.org/10.1016/S0031-3955(16)34975-6
http://www.ncbi.nlm.nih.gov/pubmed/12205253
https://doi.org/10.1542/peds.110.3.517
http://www.ncbi.nlm.nih.gov/pubmed/28704816
https://doi.org/10.1159/000472247
http://www.ncbi.nlm.nih.gov/pubmed/305471
https://doi.org/10.1016/S0022-3476(78)80282-0
http://www.ncbi.nlm.nih.gov/pubmed/6547831
https://doi.org/10.1001/archopht.1984.01040030908011
http://www.ncbi.nlm.nih.gov/pubmed/23536167
https://doi.org/10.1007/s00134-013-2887-y
http://www.ncbi.nlm.nih.gov/pubmed/16625227
https://doi.org/10.1038/sj.jp.7211476
http://www.ncbi.nlm.nih.gov/pubmed/30957130
https://doi.org/10.15537/smj.2019.4.23682
http://www.ncbi.nlm.nih.gov/pubmed/18625673
https://doi.org/10.1378/chest.07-2573
http://www.ncbi.nlm.nih.gov/pubmed/32079479
https://doi.org/10.1161/JAHA.119.015369
http://www.ncbi.nlm.nih.gov/pubmed/21247316
https://doi.org/10.1056/NEJMra1005408
http://www.ncbi.nlm.nih.gov/pubmed/18187159
https://doi.org/10.1016/j.lfs.2007.09.036
http://www.ncbi.nlm.nih.gov/pubmed/24434778
https://doi.org/10.1038/jp.2013.174
http://www.ncbi.nlm.nih.gov/pubmed/29317459
https://doi.org/10.1136/archdischild-2017-313880
http://www.ncbi.nlm.nih.gov/pubmed/17768154
https://doi.org/10.1136/adc.2007.119560
http://www.ncbi.nlm.nih.gov/pubmed/19919866
https://doi.org/10.1016/j.jtcvs.2009.08.034
https://e-kcj.org

C

VLBW Infants with Congenital Heart Disease Korean Circulation Journal

27. Rios R, Dummer KB, Overman DM. Successful staged surgical repair using rapid pulmonary artery
banding in a very-low-birth-weight premature infant who had d-transposition of the great arteries with an
intact ventricular septum. Pediatr Cardiol 2013;34:1935-7.

PUBMED | CROSSREF

28. Nam HK, Lee KH. Small for gestational age and obesity: epidemiology and general risks. Ann Pediatr
Endocrinol Metab 2018;23:9-13.

PUBMED | CROSSREF

29. Dollat C, Vergnat M, Laux D, et al. Critical congenital heart diseases in preterm neonates: is early cardiac
surgery quite reasonable? Pediatr Cardiol 2015;36:1279-86.
PUBMED | CROSSREF

https://e-kcj.org https://doi.org/10.4070/kcj.2020.0135 1123


http://www.ncbi.nlm.nih.gov/pubmed/22903681
https://doi.org/10.1007/s00246-012-0478-2
http://www.ncbi.nlm.nih.gov/pubmed/29609444
https://doi.org/10.6065/apem.2018.23.1.9
http://www.ncbi.nlm.nih.gov/pubmed/25854847
https://doi.org/10.1007/s00246-015-1158-9
https://e-kcj.org

	Morbidity and Mortality of Very Low Birth Weight Infants with Congenital Heart Disease
	INTRODUCTION
	METHODS
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES


