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Abstract

The optimal timing of clamping and cutting the umbilical cord at birth among infants with 

congenital heart disease (CHD) remains a subject of controversy and debate. The benefits of 

delayed umbilical cord clamping (DCC) among term infants without CHD are well described, but 

the evidence base for DCC among infants with CHD has not been characterized adequately. The 

goals of the present review are to: 1) compare outcomes of DCC versus early cord clamping 

(ECC) in term (≥37 weeks of gestation) infants; 2) discuss potential risk/benefit profiles in 

applying DCC among term infants with CHD; 3) use rigorous systematic review methodology to 

assess the quality and quantity of published reports on cord clamping practices among term infants 

with CHD; 4) identify needs and opportunities for future research and interdisciplinary 

collaboration. Our systematic review shows that previous trials have largely excluded infants with 

CHD. Therefore, the supposition that DCC is advantageous because it is associated with improved 

neurologic and hematologic outcome is untested in the CHD population. Given that CHD is 

markedly heterogeneous, to minimize unnecessary and potentially harmful cord clamping 

practices, identification of subgroups (single-ventricle, cyanotic lesions) most likely to benefit 

from optimal cord clamping practices is necessary to optimize risk/benefit profiles. The available 

evidence base suggests that contemporary, pragmatic, randomized controlled trials comparing 

DCC with ECC among infants with CHD are needed.

^Corresponding Author.
*Co-First Authors

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflicts of interest
The authors have no commercial of financial conflicts of interest to disclose.

HHS Public Access
Author manuscript
Prog Pediatr Cardiol. Author manuscript; available in PMC 2021 December 01.

Published in final edited form as:
Prog Pediatr Cardiol. 2020 December ; 59: . doi:10.1016/j.ppedcard.2020.101318.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

delayed cord clamping; congenital heart disease

Introduction:

Clamping and cutting of the umbilical cord at birth is likely the oldest and most widespread 

medical intervention in humans (1). The American College of Obstetrics and Gynecology 

(ACOG), American Academy of Pediatrics (AAP), and American College of Nurse-

Midwives, recommend delayed cord clamping (DCC) for healthy term (≥37 weeks of 

gestation) infants, but identified the need for a better understanding of optimal cord 

clamping practices among higher-risk subgroups (2). One subgroup of infants for whom 

DCC could be advantageous, but also could be problematic, is infants with congenital heart 

disease (CHD). The primary goals of the present review are to: 1) appraise available 

evidence on cord clamping practices among healthy, term infants, including recent evidence 

on longer-term neurodevelopmental outcomes; 2) discuss potential risk/benefit profiles in 

applying DCC among infants with CHD; 3) use rigorous systematic review methodology to 

assess the quality and quantity of published reports on the timing of umbilical cord clamping 

among infants with CHD; 4) identify opportunities for future research and interdisciplinary 

collaboration.

Available evidence on cord clamping practices among healthy, term infants:

Prior to 2000, cutting the umbilical cord within seconds following delivery was considered 

standard practice (2). However, over the past 2 decades, health care providers have 

reconsidered optimal cord clamping practices. At term gestation, as much as 60 percent of 

the combined fetal-placental blood volume is in the placental circulation (3). Early cord 

clamping (ECC) is defined as cutting the umbilical cord within 60 seconds following 

delivery; in contrast, DCC by 2–3 minutes following delivery and lowering the infant below 

the perineum (vaginal delivery) or incision site (Cesarean delivery) at the time of birth 

increases transfer of blood from the placenta to the infant, leading to increases in circulating 

blood volumes by ~30–40% (25–30 ml/kg) (4).

Hematological status:

A 2007 systematic review and meta-analysis by Hutton and Hassan comparing ECC versus 

DCC included data from 15 controlled trials among 1912 term newborns (3). The authors 

reported that DCC provided improved hematological status, including greater hematocrits at 

2 months (weighted mean difference [WMD], 3.7%, 95% confidence interval [CI], 2.0%–

5.4%), serum ferritin at 2–3 months (WMD 17.9 μg/L; 95% CI 16.6–19.2) and stored iron at 

6 months (WMD, 19.9 mg; 95% CI, 7.7–32.1) than ECC (3). Additionally, the authors noted 

lower risk of iron-deficiency anemia (relative risk, 0.50; 95% CI 0.40–0.70) following DCC 

than with ECC (3). These observations were consistent with a more contemporary review by 

McDonald et al, wherein DCC was associated with lower exposure to red blood cell (RBC) 

transfusions than with ECC (risk ratio 1.02, 95% CI 0.44–2.37) (5).
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Neurodevelopmental sequelae:

More recently, evidence on the potential neurodevelopmental benefits of DCC among term 

infants have been explored. A study by Mercer et al. reported that singleton term infants 

receiving DCC had, based on magnetic resonance imaging, greater myelin contents in brain 

regions involved in motor, visual/spatial, and sensory functions than did infants following 

ECC (6). Evidence of improved neuroimaging is consistent with recent studies showing 

greater neurocognitive performance following DCC than following ECC. Rana et al. 
reported that, among 540 full-term infants at 12 months of life, those who received DCC had 

higher scores on the Ages and Stages Questionnaire (ASQ), caregiver-based assessment, 

than did infants receiving ECC, in the domains of communication (adjusted mean difference 

[AMD] 0.50, 95% CI 0.10–0.90), personal-social (AMD 1.0, 95% CI 0.30–1.7), and gross 

motor (AMD 1.4, 95% CI 0.30–2.6) (7). In a subsequent follow-up study of infants at 4 

years of age (N=263) those in the DCC group exhibited higher scores on the personal-social 

(AMD 2.8, 95% CI 0.80–4.7; P<0.01) and fine motor (AMD 2.1, 95% CI 0.20–4.0; P=0.03) 

domains from the Ages and Stages Questionnaire than did infants in the ECC group (4). 

Moreover, the authors observed a potential gender-specific benefit of DCC at 4 years of age, 

noting that males receiving DCC had higher scores than did the respective ECC cohort in 

two ASQ domains; personal-social (AMD 4.9, 95% CI 1.6–8.3) and fine-motor development 

(AMD 4.7, 95% CI 1.0–8.4) (4). Fewer boys who received DCC scored below normative 

range in the Movement Assessment Battery for Children (ABC) Drawing Bicycling Trail 

Task (P<0.01) than did boys receiving ECC. Similar results were observed in the ASQ Fine 

Motor Score (P=0.03) (4). While the biological mechanisms for improvements in 

neurocognitive performance have not been elucidated, some authors speculate that the 

provision of greater iron stores following DCC, even among a cohort of infants at low-risk 

for iron deficiency anemia, may contribute to improved myelination and subsequent 

neurodevelopmental function (4).

Cardiopulmonary effects:

In an animal model, Bhatt et al. examined the effects of cord clamping practices before and 

after the onset of ventilation on cardiovascular function at birth. Compared to clamping prior 

to ventilation, DCC (3–4 minutes) until after ventilation provided a smoother cardiovascular 

transition at birth, wherein increased pulmonary blood flow led to decreased fluctuations in 

circulatory pressures, which could be particularly critical in the cerebrovascular bed (8). The 

authors speculated that, to mitigate risks of low cardiac output syndrome due to the abrupt 

increase in left ventricular afterload following removal of the low resistance placental 

circulation at birth, increases in pulmonary blood flow and left ventricular preload following 

DCC after ventilation may be paramount (8). In other words, the increase in blood flow 

though the lungs following DCC after ventilation augments venous return to the left atrium, 

which may help maintain left cardiac output and stabilize systemic blood pressure during the 

immediate transitional period at birth (9). Evidence of improved transition following DCC 

after ventilation is established has also been noted in large, observational studies of term 

infants. For example, a study of over 15,000 term infants showed that the risk of death or 

hospitalization decreased by 20% for every 10 second delay in clamping after the onset of 

spontaneous respirations at birth (9).
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Risks of DCC:

Despite the value of DCC in improving hematological, cardiopulmonary, and 

neurodevelopmental status, potential risks of the intervention must be considered carefully. 

For example, Hutton and Hassan observed higher blood viscosities following DCC at 2–4 

hours and 5 days of life (WMD at 2–4 hours = 1.4, 95% CI 1.2–1.6; WMD at 5 days of age 

= 0.90, 95% CI 0.70–1.2), respectively, than following ECC (3). The data are mixed, but 

DCC has been associated with greater risks of higher bilirubin levels and neonatal jaundice 

(10). This may not be particularly concerning in centers with access to phototherapy, 

however higher bilirubin levels may have important implications on resource utilization and 

medical costs. Among term infants (n=699 infants), DCC was associated with a greater need 

for phototherapy than ECC (3.4% versus 1.9%, P=.2464) (3). Moreover, Hutton and Hassan 

reported a greater risk of polycythemia in DCC infants at both 7 hours and 24–48 hours after 

birth (relative risk [RR] at 7 hours: 3.4, 95% CI 1.3–9.5; RR at 24–48 hours: 3.8, 95% CI 

1.1–13.2) (3).

Statement from governing bodies:

In 2017, following careful consideration of the risk/benefit profile, ACOG issued a statement 

endorsing the practice of DCC among healthy term infants (2). However, the governing 

bodies noted the urgent need for consideration of optimal cord clamping practices among 

high-risk infants. One subgroup where DCC could provide value, but also could be 

problematic, is infants with congenital heart disease (CHD).

Considerations of optimal cord clamping practices among infants with CHD

Congential heart disease (CHD) is the most common congenital structural defect, occurring 

in 10 out of 1,000 live births. Over the past 2 decades, tremendous progress has been made 

in the survival of infants with CHD (11). However, among survivors, major early morbidities 

include hematological perturbations, cardiac disturbances (e.g. cardiac arrest) and 

neurologic injury (12–16). While the benefits of DCC have been demonstrated among 

healthy term infants, as outlined below, the unique risk/benefit profiles of infants with CHD 

warrant separate consideration. Given that CHD is markedly heterogenous, to minimize 

unnecessary and potentially harmful cord clamping practices, identification of subgroups 

(single-ventricle, cyanotic lesions, CHD requiring neonatal surgery) most likely to benefit 

from optimal cord clamping practices is necessary to optimize risk/benefit profiles.

Potential benefits of DCC among infants with CHD

A. Minimizing exposure to red blood cell transfusions:

The primary purpose of giving a red blood cell (RBC) transfusion is to increase oxygen-

carrying capacity, and in certain clinical scenarios, represents a life-saving treatment 

modality (17). While the increases in red cell mass derived from RBC transfusions are 

beneficial, potential adverse consequences include a myriad of transfusion-related 

inflammatory responses, including capillary leak syndrome, generalized edema, heart 

failure, and multiple organ dysfunction. Stored blood products trigger unbalanced 

electrolytes and metabolic acidosis, with evidence that transfusions increase risks for health-
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care associated infections (18, 19). Most importantly, RBC transfusions have been 

associated increasingly with worse clinical outcomes in children with heart disease (20). 

Since infants with CHD receive the greatest number of RBC transfusions among all pediatric 

patients, strategies that can safely improve blood volume status and limit exposure to 

homologous RBC transfusions are needed (21).

In a recent study, Kartha et al. reported that, in the first 30 days of life, infants with CHD 

undergoing early cardiac surgery, defined as critical CHD (CCHD), require RBC 

transfusions in 99.7% of cases (interquartile range [IQR]: 91.3%–100%) (21). Moreover, in 

the absence of optimal transfusion thresholds, infants with CHD, particularly those with 

cyanotic lesions, frequently receive RBC transfusions to maintain elevated hemoglobin (Hb) 

concentrations, sometimes as high as 14 g/dL (22).

Previous investigators have shown, among a subgroup of infants with CCHD, that DCC is 

associated with lower likelihood to receive RBC transfusions than following ECC (23). 

Moreover, the greater oxygen-carrying capacities and higher blood volumes following DCC 

should improve tissue oxygenation, which becomes critically important among infants with 

cyanotic heart disease, in whom oxygen saturation and systemic blood flow are suboptimal. 

These anticipated benefits make DCC attractive as a strategy to limit exposure to RBC 

transfusion, and optimize oxygen-carrying capacity, among infants with CCHD. However, 

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

acyanotic), cardiac physiologies, and antenatal risk factors (e.g. infant of diabetic mother) 

for polycythemia warrant careful consideration prior to widespread acceptance of this 

practice.

B. Reducing iron deficiency anemia:

Iron deficiency is frequently found in children with CHD (24). For example, a study by Puri 

et al. showed that, among 107 pediatric patients with heart failure, over half (56%) were iron 

deficient (25). Moreover, among infants with single or biventricular cardiac physiology, the 

authors observed those with iron deficiency anemia were at least twice as likely to 

experience an adverse cardiac event, (need for ventricular assist device implantation, heart 

transplantation, or death) than those without iron deficiency (25). Given that DCC has been 

shown consistently to reduce the risk of iron deficiency anemia, even among term infants at 

low risk, potential applications of DCC among infants with CHD are attractive and warrant 

investigation.

C. Improving neurodevelopmental outcomes among infants with CHD:

Over half of surviving requiring cardiac surgery demonstrate motor and visuospatial 

neurocognitive deficits that that impede their progress in school and result in social and 

economic challenges to patients and families (26–28). Not surprisingly, children with CHD 

are at higher risk of cognitive deficits and poorer school outcomes than are children without 

CHD, with many infants with CHD requiring special educational services. Therefore, the 

neuroprotective effects of DCC in other clinical scenarios may be relevant to infants with 

CHD. However, no studies to date have shown an improvement in longer-term outcomes, 

including neurocognitive function, among infants with CHD following DCC.
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Theoretical risks of DCC among infants with CHD

A. Maintaining shunt patency:

While DCC provides higher hematocrits than does ECC, secondary increases in blood 

viscosity may be detrimental, particularly among infants with palliative shunts, such as 

modified Blalock-Taussig shunts. As demonstrated by Sahoo et al., lowering hematocrits to 

40–45% (compared to a common, standard hematocrit of ~55%) increased shunt patency 

from 84% to 100%. This is compounded by findings that observed greater risks of shunt 

thrombosis with higher pre-operative hemoglobin levels (>18g/dL), particularly among 

infants weighing less than 3kg (29). Additionally, increased viscosities associated with 

higher hematocrits and volume overloads could be detrimental in scenarios of CHD 

associated with depressed heart function.

B. Infants with CHD with the perceived need for immediate resuscitation:

The risk of poor transition to extrauterine life and cardiopulmonary instability among infants 

with CHD is largely dependent upon the following factors: i) type and severity of underlying 

cardiac defect; ii) changes in systemic and pulmonary blood flow and resistance; iii) patency 

of fetal shunts, including the foramen ovale and ductus arteriosus. The overwhelming 

majority of infants with CHD, even those with critical cardiac disease who are likely to 

require intervention in the first 28 days of life, will not require specialized resuscitative 

efforts beyond those provided in the Neonatal Resuscitation Program (NRP). Several lesions 

are at higher risk of early cardiovascular compromise at birth: i) D-transposition of the great 

arteries with a restrictive/intact atrial septum; ii) hypoplastic left heart syndrome (HLHS) 

with a restrictive/intact atrial septum; iii) obstructed total anomalous pulmonary venous 

return (TAPVR). However, even in these settings, infants will continue to receive 

oxygenated blood from the placenta, making ongoing hypoxia unlikely. Prenatal 

consultation and education of maternal-fetal-medicine (MFM) specialists is critical in 

planning on the optimal mode and timing of delivery, including the potential need for 

delivery via a planned induction or cesarean section at a center capable of addressing all 

aspects of maternal, fetal, and neonatal cardiac care. As part of those prenatal discussions, 

optimal timing of cord clamping practices should be considered. While data on optimal cord 

clamping practices among infants with CHD are not available, an Italian task force provided 

the following recommendations (Table 1) (30).

Even among higher-risk subgroups, the initial steps of neonatal resuscitation (drying, 

stimulation) can be offered with the umbilical cord intact, providing a source of oxygen to 

the infant following delivery. However, we acknowledge that certain lesions (e.g. d-TGA 

with intact atrial septum, HLHS with intact atrial septum) at higher risk for immediate 

cardiovascular instability warrant careful consideration of optimal cord clamping practices. 

One technique that may be a reasonable alternative to DCC is umbilical cord milking 

(UCM) (31). Health care providers perform UCM by grasping the unclamped umbilical cord 

and pushing (milking) blood towards the infant 2–4 times prior to clamping. While 

providing a similar placental transfusion to DCC, UCM takes 15–20 seconds to perform. 

Despite being more efficient than DCC, evidence of worse outcomes among preterm infants 

(<32 weeks of gestation) has diminished enthusiasm for this approach (32).

Marzec et al. Page 6

Prog Pediatr Cardiol. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Systematic review on umbilical cord clamping practices among infants with 

CHD:

One subgroup of infants in whom DCC could provide value, but also could be problematic, 

is infants with CHD. Thus, we performed a systematic review on the available evidence on 

cord clamping practices among infants with CHD. We conducted a literature search using 

PubMed/Medline database, using combinations of the relevant medical subject heading 

terms, key words, and word variants are shown in Figure 1. The electronic search was 

conducted on June 15th, 2020, and then updated on August 5th, 2020; the search was limited 

to reports published after January 1st, 2000 and prior to June 1st, 2020. The reference lists of 

relevant articles and reviews were searched by hand for additional reports. Randomized 

controlled trials that compared outcomes of DCC versus ECC among term infants were 

included. One reviewer (B.R.) independently assessed the methodological quality of 

included studies. Studies that were identified were evaluated using a modified Delphi Scale 

(33, 34). No studies were excluded based on quality.

Despite more than 35 RCTs among healthy term infants, we identified only one small, 

single-center, pilot study that included infants with CHD (Table 2). In fact, in this single 

study, only infants with critical CHD, defined as the need for surgical or catheter-based 

intervention within the first 28 days of life, were included. The pilot study (N=32) reported 

that DCC is safe and feasible among infants with critical CHD, with no evidence of 

increased risk for polycythemia, hyperviscosity, or derangements to cardiopulmonary blood 

flow. The authors observed that infants receiving DCC had higher hematocrits during the 

first 72 hours of life and received fewer red blood cell transfusions (2.2 ± 1.4 versus 3.4 ± 

1.6, P=.05; Figure 2) than did infants receiving ECC (23). However, the pilot study was not 

designed to detect longer-term differences in safety and efficacy between the two groups.

Needs and opportunities for future research and interdisciplinary 

collaborations

No studies have yet addressed whether DCC among infants with CHD improves short and 

longer-term outcomes. Likewise, the notion that DCC is advantageous because it is 

associated with improved neurologic and hematologic outcome is untested. Given the 

paucity of available data to guide evidence-based medicine, the need for well-designed, 

pragmatic, randomized controlled trials to determine what cord clamping strategies best 

improve patient outcomes is realized. Given the large number of patient (gestational age, 

cardiac lesion), procedural (bypass time, general anesthesia), and institutional (operator 

experience)-level factors that contribute to patient outcomes, such trials will need to be 

meticulously designed and appropriately powered to evaluate the risks and benefits of DCC 

versus ECC in this unique subgroup of patients.

In the design of these necessary studies, we emphasize the following: 1) clear evidence that 

obstetrical providers have equipoise and are willing to recruit and randomize patients; 2) 

evidence that caregivers are willing to consent to proposed studies; 3) to allow prioritization 

of research efforts and minimize unnecessary and potentially harmful cord clamping 
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practices, identification of subgroups (single-ventricle, cyanotic lesions) most likely to 

benefit from optimal cord clamping practices; 4) rather than short-term, surrogate markers, 

use of robust, longer-term outcomes meaningful to families and clinically relevant. with an 

emphasis on longer-term neurocognitive performance; 5) emphasis on multicenter and 

multidisciplinary (obstetricians, pediatric cardiologists, and neonatologists) collaboration.

Conclusion:

Evidence of hematological, cardiopulmonary, and neurodevelopmental benefits following 

DCC among term infants with CHD makes the practice a potentially attractive one for 

infants with CHD. However, our review of the available literature shows that, to date, infants 

born with CHD have been largely excluded from clinical trials of cord clamping practices. 

Therefore, the supposition that DCC is advantageous among infants with CHD is untested. 

Given that CHD is markedly heterogenous, to minimize unnecessary and potentially harmful 

cord clamping practices, the need is clear for more robust, evidence-based data on optimal 

cord clamping practices in this high-risk subgroup of infants.
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Highlights

• Delayed cord clamping (DCC) is common practice among healthy term 

infants

• Although unproven, infants with congenital heart disease may benefit from 

DCC

• Compared to healthy infants, CHD infants may have unique DCC risk/benefit 

profiles

• Existing evidence on the potential value of DCC among infants with CHD is 

limited

• Further research regarding cord clamping practices among infants with CHD 

is needed
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Figure 1: 
Terms used in PubMed/Medline search and manuscript selection flowchart for systematic 

review.
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Figure 2: 
Time-to-event curve showing the need for a transfusion during the first 28 days of life 

among preterm infants with congenital heart disease receiving delayed cord clamping (DCC) 

or early cord clamping (ECC) at birth. Log-rank (Mantel-Cox) comparison demonstrates 

significant differences in the curves (P=0.02). The corresponding Mantel-Haenszel hazard 

ratio (HR) for transfusion need in the ECC group versus the DCC group is 3.1 with a 95% 

confidence interval of 1.2 – 7.9. (Reproduced from Backes CH, et al., Journal of 
Perinatology, 2015:35;826–831.)”
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Table 1:

Recommendations on timing of cord clamping based on heart disease severity. Data from Ghirardello S., et al., 

Frontiers in Pediatrics, 2018:6;372 (30).

Type of Congenital 
Heart Disease Examples of cardiac defect Recommendation

Low likelihood of 
cardiovascular instability 

at delivery

1 Ventricular septal defects

2 Atrioventricular canal defects

• DCC between 1 and 2 minutes for vaginal 
deliveries (weak recommendation)

• DCC at 1 minutes for cesarean- deliveries (weak 
recommendation)

Moderate likelihood of 
cardiovascular instability 

at delivery

1 Pulmonary valve stenosis

2 Aortic Valve stenosis

• Individualized approach to timing of cord clamping 
based on evaluation of newborn at time of birth 
(strong recommendation)

High likelihood of 
cardiovascular instability 

at delivery

1 D-TGA with RAS

2 (HLHS) with RAS

3 Obstructed (TAPVR)

• Individualized approach to timing of cord clamping 
based on evaluation of newborn at time of birth 
(strong recommendation)

• Management of timing of cord clamping reviewed 
by multidisciplinary team (strong recommendation)

D-TGA = D-Transposition of the Great Arteries; HLHS = Hypoplastic left heart syndrome; RAS = Restrictive atrial septum; TAPVR = Total 
anomalous pulmonary venous return
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