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Abstract

OBJECTIVE—Delayed umbilical cord clamping (DCC) at birth may provide a better neonatal 

health status than early umbilical cord clamping (ECC). However, the safety and feasibility of 

DCC in infants with congenital heart disease (CHD) have not been tested. This was a pilot, 

randomized, controlled trial to establish the safety and feasibility of DCC in neonates with CHD.

STUDY DESIGN—Pregnant women admitted >37 weeks gestational age with prenatal diagnosis 

of critical CHD were enrolled and randomized to ECC or DCC. For ECC, the umbilical cord was 

clamped <10 s after birth; for DCC, the cord was clamped ~ 120 s after delivery.

RESULTS—Thirty infants were randomized at birth. No differences between the DCC and ECC 

groups were observed in gestational age at birth or time of surgery. No differences were observed 

across all safety measures, although a trend for higher peak serum bilirubin levels (9.2 ± 2.2 vs 7.3 

± 3.2 mg dl− 1, P = 0.08) in the DCC group than in the ECC group was noted. Although similar at 

later time points, hematocrits were higher in the DCC than in the ECC infants during the first 72 h 
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of life. The proportion of infants not receiving blood transfusions throughout hospitalization was 

higher in the DCC than in the ECC infants (43 vs 7%, log-rank test P = 0.02).

CONCLUSION—DCC in infants with critical CHD appears both safe and feasible, with fewer 

infants exposed to red blood cell transfusions than with ECC. A more comprehensive appraisal of 

this practice is warranted.

INTRODUCTION

Physiological studies have shown that delayed umbilical cord clamping (DCC) results in an 

increase to the neonate of 20–40 ml of blood per kilogram of body weight,1–3 resulting in 

higher hematocrits,4,5 less need for red blood cell (RBC) transfusions6 and decreased 

frequency of iron-deficiency anemia7,8 than are observed with early cord clamping (ECC). 

On the other hand, DCC has been shown to increase the risk of neonatal jaundice,5,9,10 

polcythemia4,7 and blood viscocity,5,10,11 compared with ECC. In light of the positive and 

negative effects on neonatal outcomes, the ideal timing for umbilical cord clamping has not 

been established. To address the controvery on optimal cord clamping practices, the 

American Academy of Pediatrics and American Collge of Obstetrics and Gynecology cited 

the need for trials on subgroups of neonates to better define specific risk/benefit profiles.12 

One subgroup where DCC could be particularly beneficial, but also could be problematic, is 

neonates with congenital heart disease (CHD).

Without evidence-based recommendations on the hematocrit level needed to maintain 

optimal hemodynamics, many centers transfuse at a higher starting hematocrit for neonates 

with CHD.13 Although RBC transfusions augment tissue oxygen delivery by increasing the 

oxygen-carrying capacity of the blood and are an integral part of the perioperative 

management of infants with CHD,14 exposure to blood transfusion is associated with post-

operative mortality and morbidity, including higher rates of infection,15 lengths of 

mechanical ventilation,16 longer hospital stays and increased hospital costs.17,18 Thus, 

strategies that can safely improve blood volume status and limit exposure to allogenic RBC 

transfusions are needed.

Although DCC may improve hematological status among neonates with CHD, these 

potential benefits must be weighed against the increased risk for volume overload, neonatal 

jaundice, and polycythemia.19–21 Since previous trials have excluded infants with CHD, a 

separate consideration of the potential risks and benefits of DCC in this unique subgroup of 

infants is needed. To minimize potential adverse outcomes, including polycythemia,22 our 

investigation was focused on neonates who require surgery or catheterization within the first 

month of life, or critical CHD.23

Here, we present the results of a pilot, randomized, controlled trial in infants with CHD to 

determine safety and feasibility of DCC compared with standard of care (ECC). A 

secondary goal was to evaluate if DCC influences hematological outcomes (perioperative 

hematocrits) and the need for RBC transfusions during surgical interventions and hospital 

care of the infants.
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PATIENTS AND METHODS

The study was approved by the institutional review board (IRB #09-00496) at Nationwide 

Children’s Hospital (NCH). We enrolled patients at six delivery hospitals in our region. The 

study protocol was approved by the research ethics board at each participating institution, 

and for all patients, written informed consent was obtained from a parent.

Entry criteria

The study was conducted between August, 2010 and December, 2013. Criteria for study 

participation included: (1) singleton pregnancy; (2) term (>37 weeks) gestation; (3) fetus 

with critical CHD, defined as heart lesions likely to require surgery or cardiac 

catheterization within the first 30 days based on fetal echocardiogram. All infants were 

transferred immediately (<1 h following delivery) to NCH for subsequent management.

Maternal exclusion

Maternal exclusion criteria included placental abruption/previa, multiple gestations or a 

diagnosis of diabetes.

Fetal exclusion

Fetal exclusion criteria included those with known genetic/major extracardiac anomalies, 

including Trisomy 21. Based on the fetal echocardiogram, fetuses with an expected 

biventricular repair were enrolled, while those with single ventricle physiology were 

excluded. This methodology was intended to limit heterogeneity of the patient population.

Study logistics

A random number system was generated by a statistician not involved in the study. The 

study team shared an on-call schedule to screen potentially eligible mothers, enroll them and 

attend the delivery.

Placental transfusion technique

Impending deliveries were randomly assigned to the ECC or DCC groups. For the ECC 

group, the obstetrician clamped the umbilical cord immediately following delivery of the 

infant (<10 s), per standard protocol. For DCC, the obstetrician clamped the cord 110–130 s 

following delivery of the infant. During the delay, the infant was held in a sterile towel, ~ 0–

15 inches below the mother’s introitus at vaginal delivery or below the level of the incision 

following cesarean section. After cutting of the cord, the infant was handed to the 

neonatology team for routine infant care. Health-care professionals who performed neonatal 

management after birth were not the ones present when the infant delivered and were not 

aware of the infant’s group assignment. Subsequent clinical management was at the 

discretion of the attending physicians.

Existing blood-conservation techniques

Strategies to reduce RBC exposure already in place at our institution include use of cell-

salvage techniques, re-transfusion of autologous RBCs and avoidance of unnecessary blood 
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sampling. Specifically, body weight-adapted cardiopulmonary bypass (CPB) circuits with a 

total priming volume of 185 ml were used for all infants in the cohort. The transfusion 

triggers during CPB were an estimated hemoglobin <7.0 g dl−1 for acyanotic infants and <10 

g dl−1 for cyanotic infants. Moderate hypothermia was used, except for cases requiring deep 

hypothermic circulatory arrest, in which the temperature was decreased to 17–18 °C. Per 

institutional protocol, all RBC transfusions were fresh (<7 days old), leukoreduced, 

cytomegalovirus-negative and irradiated.

Data collected

Maternal and infant data were collected until initial discharge from the hospital. 

Polycythemia was defined as venous hematocrit >65%. Surgical data included CPB time, 

aortic cross-clamp time and deep hypothermic circulatory arrest time (DHCA). Post-

operative data included the modified inotropic score (maximum score for the first 24 h after 

intervention).24 We recorded the number and types of laboratory tests for each enrolled 

infant. We assumed that with each blood draw, only the minimal blood volume required to 

run the tests was drawn and that no blood was wasted at the time of blood draws. Major 

neonatal morbidities were also recorded.

Statistical analysis

Using hematocrit at 72 h as the primary outcome variable and an expected 10% relative 

increase by DCC compared with ECC (α = 0.05, 80% power), we estimated the need for 12 

infants in each arm of the study. An additional 20% or six subjects were enrolled to allow for 

attrition. Group comparisons for continuous variables were made using the Student’s t-test. 

For categorical variables, X2− and Fisher’s exact tests were used. Kaplan–Meier curves were 

used to evaluate the probability of being free from a blood transfusion in the DCC group and 

the ICC group, wherein differences were compared using the log-rank test. In patients who 

did not receive a blood transfusion, the time from birth to hospital discharge was used. 

Means and s.d./s.e.m. were used as descriptive measures for continuous variables with 

normal distributions, and medians and quartiles/ranges were used when the normality 

assumption was not met. Frequencies and percentages were reported for categorical 

variables. All analyses were conducted with two-tailed tests. A P-value < 0.05 was 

considered statistically significant.

RESULTS

The distribution of 188 women with singleton pregnancies and fetal diagnoses of critical 

CHD who were admitted to labor and delivery service is shown in Figure 1. During the 

study’s first year (August 2010 to August 2011), 25 mother–infant dyads were enrolled in 

the study, but only 2 (8%) were randomized at the time of delivery. Following consultation 

with nursing leadership and maternal–fetal medicine colleagues, starting in September 2011, 

a number of steps were implemented to improve communication between clinical and 

research personnel at the six participating hospitals. First, once an enrolled mother was 

admitted to labor and delivery, a paging system was activated by clinical leaders to alert the 

research team of the potential delivery. The primary goal of the paging system was to notify 

research personnel early in the delivery process to allow sufficient time to attend the 
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delivery. Second, in all delivery hospitals, placards with the principal investigator’s (CHB) 

contact information and the study protocol were placed in delivery rooms. Third, the 

principal investigator met monthly with nurse coordinators and nursing leadership at each 

hospital to review the study protocol to minimize communication errors among staff 

members regarding study procedure. With these efforts, between September 2011 and March 

2013, of the 51 eligible mother–infant dyads consented and enrolled in the study, 28 (55%) 

were randomized at the time of delivery. Thirty infants were randomized to DCC or ECC 

groups at delivery.

No differences in maternal demographics or characteristics between the two groups were 

observed (Table 1). Of note, only one infant in each group was delivered emergently because 

of fetal distress. We observed no differences between the two groups in risk of adverse 

events among mothers. Post-partum blood loss was 210 ml (first–third quartiles: 80–460) in 

the DCC group and 260 ml (first–third quartiles: 120–500) in the ECC group. Post-partum 

hemorrhage (blood loss > 500 ml) was 13.3% in the DCC group, compared with 6.7% in the 

ECC group. Severe postpartum hemorrhage (blood loss > 1000 ml) was not observed in 

either group.

No differences in infant characteristics between the two groups were observed (Table 2). No 

infants that were assigned to DCC received immediate cord clamping to expedite 

resuscitation, as was specified in the study protocol to be allowed if deemed necessary by 

the attending obstetrician or neonatologist. One infant in each group had a postnatal 

echocardiogram consistent with noncritical congenital heart disease and thus was excluded 

from subsequent analysis. All other fetal and postnatal echocardiogram findings were 

consistent. We observed no differences in measures of infant safety between the two groups. 

Although not statistically significant, we observed a trend toward higher peak serum 

bilirubin levels in the DCC group than in ECC infants. No infant in either group had severe 

hyperbilirubinemia, defined as >20 (mg dl−1).25 Among the two infants in the DCC group 

who developed polycythemia, no adverse clinical events were reported, including shunt 

thrombosis, increased perioperative bleeding, or blood product use. Although not 

statistically significant, receipt of phototherapy exhibited a similar trend for more frequent 

use in DCC infants than in ECC infants (P = 0.08). The distribution of cardiac lesions was 

similar in the two groups.

We observed no significant differences in surgical parameters between the two groups (Table 

3). No infants in either group died before surgical or catheter-based intervention. A similar 

proportion of infants in both groups were cyanotic before undergoing intervention. Two 

infants in each group received initial palliative procedures with a Blalock–Taussig shunt. A 

similar proportion of infants in both groups required inotropes, cardiopulmonary 

resuscitation and mechanical ventilation in the pre-operative setting. We observed no 

differences in the timing of CPB, aortic cross-clamp, DHCA or modified ultrafiltration time 

between the two groups. A similar proportion of infants in both groups underwent complete 

repair with CPB. We observed marked variability in the length of intensive-care unit and 

hospital stays in both groups.
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Hematocrits were higher in DCC infants than in ECC infants during the first 72 h of life, but 

were not different at later time points (Figure 2). In both groups, hematocrits decreased 

markedly during CPB. Although infants in the DCC group received fewer numbers of blood 

transfusions per patient before surgery than infants in the ECC group, no differences were 

observed intra-operatively or post-operatively (Table 4). The total number of blood 

transfusions per patient throughout hospitalization in the two groups were not different, in 

large part because one infant received a disproportionally large number of blood transfusion 

(14 units) while on extracorporeal membrane oxygenation for multisystem organ failure. 

This infant was the only post-operative patient requiring extracorporeal membrane 

oxygenation, and post hoc removal of this patient’s data from analysis revealed fewer total 

numbers of RBC transfusions per patient (2.2 ± 1.4 vs 3.4 ± 1.6, P = 0.048) and total RBC 

transfusion volumes (66 ± 23 vs 87 ± 29 ml, P = 0.047) in the DCC infants than in the ECC 

group.

The probability of not having received a blood transfusion throughout the hospitalization 

was higher in in the DCC infants than in the ECC group (43 vs 7%; P = 0.02, Figure 3). We 

observed no difference in the DCC or ECC groups in the proportion of infants administered 

Epoetin alfa (21 vs 29%, P = 1.0), estimated phlebotomy loss (32.2 ± 26 vs 29.7 ± 17 ml, P 
= 0.77) or post-operative bleeding (13.6 ± 22 vs 15.4 ± 32 ml, P = 0.86). We observed no 

differences between the two groups in the proportion of neonates exposed to platelet 

transfusions (28 vs 43%, P = 0.69), cryoprecipitate (21 vs 35%, P = 0.68) or fresh frozen 

plasma (21 vs 21%).

No differences in neonatal morbidities between the two groups were observed (Table 5). One 

infant in the ECC group died before hospital discharge, due to complications of necrotizing 

enterocolitis, while one infant in the DCC group died due to gram-negative sepsis and 

multiorgan system failure.

DISCUSSION

Evidence for improved hematological status following DCC, including higher hematocrits 

and less RBC transfusion, in other infant groups led us to investigate the intervention among 

infants with CHD.7,8,26 Given the absence of safety data on the use of DCC among infants 

with CHD, our inclusion of infants with critical CHD was intended to minimize the risks of 

adverse outcomes. Thus, this pilot study was designed to determine the safety and feasibility 

of DCC among infants with critical CHD.

The main finding of our study is that, among infants with critical CHD, DCC appears safe 

and is logistically feasible. Consistent with a recent meta-analysis of term infants without 

CHD,26 we observed similar short-term safety profiles between the two groups across all 

measured outcomes. However, short-term safety profiles are not substitutes for long-term 

studies adequately powered to detect changes in neurodevelopment or death. Although 

evidence on the association between peak serum bilirubin levels and adverse 

neurodevelopmental outcomes is limited,27 the observed trend towards higher bilirubin 

levels and greater phototherapy use in DCC than in ECC infants may have important 

implications on resource utilization and medical costs.28 In turn, these considerations must 
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be balanced with the potential for DCC to reduce RBC transfusion exposure, thereby 

decreasing the direct and indirect costs associated with blood transfusions.17

Previous investigators have raised concerns on the safety of DCC among infants with 

CHD.19 Phillips et al.21 suggested that DCC in infants with CHD may result in circulatory 

overload and impair adaptation to extrauterine life. Although we observed no differences in 

variables associated with neonatal transition, recent evidence suggests that DCC may 

provide better cardiopulmonary transition at birth than does ECC. A study of over 15 000 

term infants showed that the risk of death or hospitalization decreased by 20% for every 10 s 

delay in clamping.29 Although the physiological mechanisms for the improved transition 

have not been elucidated, the additional blood volumes accrued following DCC likely 

increase pulmonary blood flow, augment venous return to the left atrium and maintain 

cardiac output, thereby stabilizing systemic blood pressure at birth.30 This may be 

particularly important for infants with critical CHD, where optimizing delivery room 

management improves outcomes.31

Another important issue to address is feasibility. Even with a dedicated staff for patient 

education and recruitment, 59% of the infant’s enrolled in the study were not randomized at 

the time of delivery. Although we attempted to address these issues systematically over the 

course of the study, other investigators have described similar logistical issues randomizing 

neonates at the time of birth, including precipitous delivery of the infant.32 Although 

randomizing neonates at time of delivery was often not feasible, these issues are separate 

and distinct from those necessary to perform DCC at birth. In fact, we observed that 

obstetricians were consistently able to perform the intervention without any complications.

Increasing the percentages of CHD infants who do not require transfusions from 7 to 43% 

may be important for a number of reasons, from patient safety to health care costs.17 

Nevertheless, the majority of infants in both groups received a transfusion during their 

hospitalization, which, in turn, means that more work is needed to test our initial observation 

and to identify ways to improve blood conservation even further. Although a number of 

centers have described comprehensive blood-conservation strategies for infants undergoing 

CHD repair,33,34 over 90% of operated infants weighing < 4 kg continue to be exposed to 

autologous RBC transfusions.34 Furthermore, in the absence of objective clinical indications 

for RBC transfusion in neonates with CHD,14 it was difficult to identify neonates in whom 

transfusion was truly necessary. This reinforces the need for large, high-quality trials that 

focus on specific types of heart disease and have sufficient power to assess clinically 

relevant differences reliably in outcomes based on RBC transfusion thresholds (restrictive vs 

liberal).35

Although DCC infants had higher hematocrits than did ECC infants in the pre-operative 

setting, no differences were observed in the perioperative or post-operative settings. This 

suggests that despite our efforts to investigate a subgroup of neonates with critical CHD, 

significant heterogeneity in cardiac disease, including anatomic lesions (cyanotic and 

acyanotic), cardiac physiologies and timing of intervention exist in our cohort. Although 

increased hematocrit levels are clinically advantageous in most medical settings, higher 

hematocrits may increase the risk of adverse events among infants undergoing palliative 
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procedures, including modified Blalock–Taussig shunt.36 Sahoo et al.37 showed that, 

compared with standard practice of maintaining intraoperative hematocrit values ~ 55%, 

artificially lowering the hematocrit to 40–45% increased shunt patency rates from 84–100%. 

Additionally, high pre-operative hemoglobin levels (>18 g dl−1) are associated with greater 

risks of shunt thrombosis, particularly among infants < 3 kg.36 Although we observed no 

evidence of shunt thrombosis in either the DCC or ECC groups, the limited numbers of 

neonates in the present cohort undergoing palliative procedures are recognized.

Previous authors have suggested that DCC may increase the risk of postpartum bleeding 

compared with ECC.38 However, our finding of no harmful effects of DCC on maternal 

health is consistent with more recent evidence.4,8 In light of inconsistent evidence, 

consideration of maternal outcomes in future studies is warranted.39

LIMITATIONS

A number of factors limit the generalizability of our findings to all infants delivering with 

CHD. First, we maintained very-strict enrollment criteria, notably the exclusion of mothers 

with known prenatal risk factors for polycythemia.40 Second, our study only included infants 

with a prenatal diagnosis of CHD. Third, children with CHD may increase hematocrit levels 

in the setting of chronic hypoxia.22 These criteria were intended to minimize the potential 

risk of polycythemia and adverse outcomes.

At our institution, all decisions regarding the need for blood transfusion are based on 

consideration of both hematocrit levels and noninvasive measurements of tissue oxygenation 

(near infrared spectroscopy, arterial saturation). However, without evidence-based 

recommendations to guide clinicians on the optimal hematocrit levels in infants born with 

heart disease,14 transfusion practice was left to the discretion of the medical team. To 

minimize potential biases, we concealed group assignments, standardized follow-up and 

assessed objective clinical outcomes. However, the significant number of infants enrolled but 

not randomized at birth is a potential source of bias attributable to sample-size slippage. 

Although similar baseline characteristics between the two groups suggest our randomization 

process was successful, we recognize the potential for random apparent effect in our small 

sample size. With limited patient numbers and a heterogeneous patient population, 

secondary subgroup analyses (cyanotic vs acyanotic) to determine predictors for RBC 

transfusion were not feasible. Finally, while our goal was to determine safety and feasibility 

among infants with two-ventricle physiology, we recognize the potential value of DCC 

among infants with single ventricle physiology, who may have a precarious oxygen supply/

demand balance and require frequent transfusions to optimize oxygen delivery.41

CONCLUSION

DCC among infants with critical CHD is safe, logistically feasible and results in a lower 

proportion of infants exposed to RBC transfusion during hospitalization. While we observed 

hematological benefits of DCC in the first few weeks of life for infants born with critical 

CHD, assessing whether these short-term benefits translate into reductions in long-term 

morbidity will be important.
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Figure 1. 
Flow diagram for patient selection, inclusion and exclusion from the study.
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Figure 2. 
The course of hematocrit concentrations throughout hospitalization for infants in the delayed 

umbilical cord clamping and early umbilical cord clamping groups. Data are means ± s.e.m. 

*P < 0.05. CPB, cardiopulmonary bypass; DCC, delayed umbilical cord clamping; ECC, 

early umbilical cord clamping; Pre-Op, pre-operative; Post-Op, post-operative.
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Figure 3. 
Kaplan–Meier curves of the probability of being free from a blood transfusion in the delayed 

umbilical cord clamping group and the early umbilical cord clamping group. Statistically 

different by log-rank test (P = 0.02). DCC, delayed umbilical cord clamping; ECC, early 

umbilical cord clamping.
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Table 1

Maternal demographics and clinical characteristics

ECC (N = 15) DCC (N = 15)

Maternal age (years)a 28.8 ± 5.7 27.9 ± 6.2

Primiparous, n (%) 6 (40) 5 (33)

Caucasian, n (%) 5 (33) 9 (60)

Cesarean section, n (%) 4 (27) 4 (27)

Number of prenatal visitsa 8 ± 2.4 8 ± 3.5

Maternal anemia, n (%) 1 (7) 1 (7)

Maternal hematocrit before deliverya 34.8 ± 3.6 34.0 ± 4.5

Pregnancy induced hypertension, n (%) 1 (7) 0 (0)

Delivery due to fetal distress, n (%) 1 (7) 1 (7)

Abbreviations: DCC, delayed umbilical cord clamping; ECC, early umbilical cord clamping.

None of the data are statistically different.

a
Mean ± s.d.
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Table 2

Infant characteristics

ECC (N = 15) DCC (N = 15) P-value

Birth characteristics

  Birth weight (kg)a 3.4 ± 1.2 3.3 ± 0.7 0.78

  Gestational age (weeks) at

  birtha
38.3 ± 1.4 39.2 ± 1.6 0.11

  Male gender, n (%) 7 (47) 5 (33) 0.71

  Cord clamping time (s)a 3.8 ± 1.0 114 ± 10.7 0.001

  No intervention, n (%) 1 (7) 1 (7) —

Safety measuresb

  5-minute Apgar scorec 8 (4–9) 8 (4–9) —

  Peak serum bilirubin

  (mg dl−1)a
7.3 ± 3.2 9.2 ± 2.2 0.08

  Polycythemia, n (%) 0 (0) 2 (17) 0.48

  Phototherapy, n (%) 1 (7) 6 (43) 0.08

  Pre-operative mortality, n (%) 0 (0) 0 (0) —

Cardiac diagnosisb

  RACHS 4–6, n (%)d 3 (21) 2 (14) —

Cardiac lesionsb

  Aortic arch anomaly 3 (21) 4 (29) —

  Tetralogy of
  Fallot ± pulmonary atresia

3 (21) 2 (14) —

  d-Transposition of great
  arteries

5 (36) 4 (29) —

  Pulmonary atresia intact
  ventricular septum

0 (0) 1 (7) —

  Critical pulmonary stenosis 2 (14) 2 (14) —

  Truncus arteriosus 1 (7) 1 (7) —

Required repair w/CPB, n (%) 11 (79) 10 (71) —

Abbreviations: CPB, cardiopulmonary bypass; DCC, delayed umbilical cord clamping; ECC, early umbilical cord clamping.

Data are expressed number (percentage within each group) unless otherwise stated. P-value = 1.0.

a
Mean ± s.d.

b
Based on infants requiring intervention.

Polycythemia ≡ hematocrit >65%.

c
Median (range).

d
RACHS: Risk adjustment cardiac heart score.42
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Table 3

Surgical parameters

ECC DCC P-value

Pre-operative

  Balloon atrial septostomy, n (%) 2 (14) 2 (14) —

  Receipt of inotropic medication,
  n (%)

6 (43) 4 (29) 0.44

  Cardiopulmonary resuscitation,
  n (%)

2 (14) 2 (14) —

  Duration of mechanical
  ventilation (days)

2 (0–15) 1 (0–19) 0.78

Intraoperativea

  Age at surgery (days) 8 (2–28) 9 (3–34) 0.82

  Cardiopulmonary bypass (min)b 122 ± 71 112 ± 139 0.81

  Aortic cross-clamp time (min)b 61 ± 52 67 ± 48 0.76

  Deep hypothermic circulatory
  arrest, n (%)

4 (29) 4 (29) —

  Deep hypothermic circulatory

  arrest time (min)b
23 ± 14 19 ± 10 0.39

  Modified ultrafiltration time

  (min)b
10 ± 2 12 ± 3 0.07

Post-operative

  Duration of mechanical
  ventilation (days)

5 (1–38) 6 (1–52) 0.87

  Duration of open sternum (days)a 2 (0–6) 1 (0–7) 0.85

  Maximum inotropic scoreb 10.2 ± 4 9.4 ± 5.9 0.68

  Highest lactate (mmol l−1)b 5.4 ± 2 4.2 ± 4 0.35

  Length of ICU stay (days) 8 (2–41) 5 (3–69) 0.41

  Bleeding requiring transfusion,
  n (%)

5 (36) 5 (36) —

  Length of hospital stay (days) 20 (7–69) 15 (8–112) 0.78

  Unplanned re-interventionsc 1 (7) 2 (14) —

Abbreviations: DCC, delayed umbilical cord clamping; ECC, early umbilical cord clamping; ICU, intensive-care unit.

Values provided in median (ranges) unless stated otherwise. P-value=1.0.

a
Among patients undergoing surgical repair.

b
Mean ± s.d.

Inotropic score as defined by Wernosky et al.24

c
Included both interventional heart catheterization and cardiac surgeries.
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Table 4

Hematological data

RBC exposure (no. transfusions/patient) ECC DCC P-value

Pre-operative 2.4 ± 2.1 1.0 ± 1.1 0.04

Intraoperative 1.3 ± 0.9 1.4 ± 0.8 0.79

Post-operatively 2.9 ± 1.2 2.1 ± 1.9 0.25

Abbreviations: DCC, delayed umbilical cord clamping; ECC, early umbilical cord clamping; RBC, red blood cell.

Data are mean ± s.d.
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Table 5

Neonatal morbidities

ECC DCC

Pre-operative infectiona 1 (7) 1 (7)

Post-operative infectiona 2 (14) 3 (21)

Necrotizing enterocolitisb 2 (14) 1 (7)

Arrhythmiac 1 (7) 2 (14)

Central nervous system lesiond 1 (7) 0 (0)

Post-operative mortality 1 (7) 1 (7)

Abbreviations: DCC, delayed umbilical cord clamping; ECC, early umbilical cord clamping.

None of the data are statistically different. Data are expressed number (percentage within each group).

a
Infections include pneumonia, bloodstream and urinary tract infections throughout the infants’ hospitalization.

b
Bell’s stage 2 or greater throughout hospital course.43

c
Defined as rhythm necessitating antiarrhythmic therapy.

d
Lesion defined as any intraventricular/intraparenchymal/cerebellar hemorrhage (IVH) or periventricular leukomalacia on head ultrasound.
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