
EVIDENCE TO DECISION TABLE FOR CORD MANAGEMENT AT BIRTH FOR PRETERM INFANTS (NLS # 787)
This evidence to decision (EtD) table will include evidence for three questions or comparisons: #1) later (delayed) cord clamping compared to early cord clamping (<30s), #2) intact-cord milking compared to early cord clamping (<30s), and #4) later (delayed) cord clamping (≥30s) compared to intact-cord milking. Evidence for the other questions included in the CoSTR will not be presented as there was insufficient evidence. Only one study was identified for comparison #3 – cut-cord milking compared to early cord clamping (<30s). No studies met inclusion criteria for comparisons #5 (later (delayed) cord clamping (≥30s) compared to cut-cord milking), #6 (intact-cord milking compared to cut-cord milking), #7 (later (delayed) cord clamping ≥60s versus later (delayed) cord clamping ≥30 and <60s), and #8 (later (delayed) cord clamping (≥30s) versus physiological approach). 
	QUESTION #1 

	Should later (delayed) cord clamping compared to early cord clamping (<30s) be used for preterm infants (ILCOR)?

	POPULATION:
	Preterm infants born at <34 weeks gestational age

	INTERVENTION:
	Later (delayed) cord clamping

	COMPARISON:
	Early cord clamping (based on timing of delaying clamping <30s)

	MAIN OUTCOMES:
	Survival to discharge from hospital
Mortality (post hoc analysis)
Severe intraventricular hemorrhage (IVH): ultrasound diagnosis grades III and/or IV
Chronic lung disease (CLD): oxygen at 36 weeks' postmenstrual age (PMA)
Necrotising enterocolitis (≥ Bell's Stage II)
Hyperbilirubinemia (treated by phototherapy)
Respiratory support (mechanical ventilation or continuous positive pressure ventilation)
Inotropic support for hypotension during the first 24 hours of life (after birth)
Lowest mean arterial blood pressure in the first 12 hours of life
Blood transfusion (infant)
Number of blood transfusions per infant
Hemoglobin concentrations within the first 24 h after birth
Hematocrit within the first 24 h after birth
Hemoglobin concentrations within 7 days after birth
Hematocrit within 7 days after birth

Postpartum hemorrhage (clinically estimated blood loss of ≥ 500 mL)
Severe postpartum hemorrhage (blood loss ≥ 1000 mL)
Use of therapeutic uterotonic agents
Blood transfusion (maternal)
Manual removal of the placenta
Postpartum infection

	SETTING:
	DELIVERY ROOM

	PERSPECTIVE:	
	Infants and their families
Health care practitioners providing care for newborn infants

	BACKGROUND:
	Umbilical cord management affects every one of the 130 million infants born in the world each year. Cord management at birth impacts not only the volume of placental transfusion to the baby, but also the cardiovascular transition around the onset of breathing and/or ventilation. {Bhatt 2013 2113, Yao 1969 871}. Placental transfusion at birth, through delayed cord clamping and cord milking, improves cardio-respiratory post-natal adaptation of preterm infants, hemoglobin concentration, and cerebral oxygenation. {Bhatt 2013 2113, Hooper 2015 147, Kluckow 2015 225, Niermeyer 2013 385} There is a growing body of evidence that suggests that cord management at birth influences survival, neonatal morbidities, and long-term neurodevelopment in preterm infants. {Al-Wassia 2015 18, Fogarty 2018 1, Mercer 2016 50, Rabe 2012 CD003248} Meta-analyses to date have suggested that placental transfusion at birth significantly reduces mortality in preterm infants as well as improving cardiovascular and hematological parameters. A recent systematic review found that delayed cord clamping at birth for >30s reduced mortality in preterm infants <28 weeks’ gestation with number needed to treat for benefit (NNTB) of 20 infants, with a high GRADE level of evidence. {Fogarty 2018 1} Cord management at birth is not just a question of timing of cord clamping. Placental transfusion may be augmented by milking the intact cord or a segment of cut cord. The optimal cord management at birth for preterm infants remains unclear. Cord management and resuscitation interventions may be simultaneous or sequential in time, and each may impact the performance and outcomes of the other.
History, values, and preferences significantly impact interpretation of cord management studies. So-called “natural” cord management is based on the supposition that nature does not practice immediate cord clamping and cutting but has natural delays between delivery and cord separation. As a result, technically, early clamping and milking are “medical interventions” superimposed on a natural phenomenon. This systematic review, however, chose early clamping as the control based on the historical precedent of commonest practice and therefore commonest comparison.

	CONFLICT OF INTERESTS:
	None


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	Umbilical cord management affects every one of the 130 million infants born in the world each year. There is a growing body of evidence that suggests that cord management at birth influences survival, neonatal morbidities, and long-term neurodevelopment in preterm infants. {Al-Wassia 2015 18, Fogarty 2018 1, Mercer 2016 50, Rabe 2012 CD003248}
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
● Small
○ Moderate
○ Large
○ Varies
○ Don't know

	The systematic review identified 23 trials (3513 infants). {Aladangady 2006 93, Armanian 2017 4909, Backes 2016 35, Baenziger 2007 455, Das 2017 157, Dipak 2017 112, Dong 2016 635, Duley 2018 F6, Finn 2019 121, Gokmen 2011 323, Hofmeyr 1988 104, Hofmeyr 1993 110, Kazemi 2017 , Kinmond 1993 172, Kugelman 2007 307, McDonnell 1997 308, Mercer 2003 466, Mercer 2006 1235, Oh 2011 S68, Rabe 2000 775, Rana 2018 655, Ruangkit 2019 156, Tarnow-Mordi 2017 2445} 
Although primary analysis of delaying cord clamping (≥30s) in infants who do not require immediate resuscitation may have a survival benefit or may make no difference over early clamping (16 trials; 2988 infants; risk ratio (RR) 1.02, 95% confidence interval (CI) 1.00 to 1.04; risk difference (RD) 0.02, 95% CI -0.00 to 0.04; number needed to treat for benefit (NNTB) 50, 95% CI 25 to >1,000; I2 = 0%; 18/1000 more infants survived when later cord clamping was intended than when early cord clamping was intended, 95% CI 0/1000 more to 36/1000 more), a post hoc analysis of mortality could not exclude either benefit or harm (16 trials; 2988 infants; RR 0.80, 95% CI 0.63 to 1.02; RD -0.02, 95% CI -0.04 to 0.00; NNTB 50, 95% CI 25 to >1,000 I2 = 0%). If CI were described to 4 decimal points one would see the lower confidence interval for survival cross 1.000 and reach 0.993.
Delaying cord clamping results in fewer infants receiving inotropic support (6 trials, 351 infants; RR 0.36, 95% CI 0.17 to 0.75; RD -0.09, 95% CI -0.15 to -0.03; NNTB 11, 95% CI 7 to 33; I2 = 0%; 91/1000 fewer infants received inotropic support for hypotension within the first 24 hours after birth when later cord clamping was intended than when early cord clamping was intended, 95% CI 30/1000 fewer to 143/1000 fewer), higher hemoglobin within 24h (4 trials, 196 infants; MD 1.24g/dL, 95% CI 0.01 to 2.47g/dL; I2 = 79%), and higher hematocrit within 24h (14 trials, 1022 infants; MD 2.63%, 95% CI 1.85 to 3.42%; I2 = 5%) and 7 days (1 trial, 1550 infants; MD 2.70%, 95% CI 1.88 to 3.52%) with fewer infants receiving transfusions (12 trials, 780 infants; RR 0.83, 95% CI 0.77 to 0.90; RD -0.07, 95% CI -0.11 to -0.04; NNTB 14, 95% CI 9 to 25; I2 = 36%; 71/1000 fewer infants received any blood transfusions when later cord clamping was intended than when early cord clamping was intended, 95% CI 40/1000 fewer to 111/1000 fewer). 
	Using the same data for a post hoc mortality analysis, a 2% survival benefit approximately equates to a 20% reduction in mortality: one inference is that mortality is less frequent than survival so there appears to be greater imprecision in the point estimate. 
Evidence on longer term neurodevelopmental outcomes was insufficient. 
 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
● Trivial
○ Varies
○ Don't know

	There is no significant effect on need for respiratory support after birth or need for phototherapy, nor on severe IVH, chronic lung disease of prematurity, or necrotizing enterocolitis. There is no impact on a limited number of critical maternal outcomes. 
	Evidence on longer term neurodevelopmental outcomes was insufficient. 

	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
● Moderate
○ High
○ No included studies

	The certainty of evidence varies by outcome. Evidence was moderate for the critical outcome of survival and ranged from low to high for the critical outcomes of severe IVH, necrotizing enterocolitis, and chronic lung disease. For the critical maternal outcome of postpartum hemorrhage (≥500 mL) evidence was very low. For all the important outcomes evidence ranged from moderate to high. 

	

	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
● No important uncertainty or variability

	The main outcomes are highly valued – they are critical outcomes. {Strand 2020 328, Webbe 2020 425} 

	

	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

	Delaying cord clamping for 30s or more in infants who do not require immediate resuscitation may have a survival benefit or may make no difference over early clamping (see above summary of desirable and undesirable effects). 
Delaying cord clamping results in less inotropic support, and higher hemoglobin and hematocrit within the first 24h and 7 days after birth with fewer infants receiving transfusions.
	


	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
● Varies
○ Don't know

	There are no published cost data. However, for infants who do not require resuscitation, it is likely that delaying cord clamping (≥30s) compared to early clamping does not add cost. 
For infants requiring resuscitation during cord management additional equipment and additional training may be needed.

	Cord clamping strategies in infants who do not require resuscitation need additional communication between caregivers to identify exclusion criteria and to ensure appropriate immediate neonatal management. 
Training is required.


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
○ High
● No included studies

	No data available.
	We perceive the additional resource requirements and costs to be low for both this intervention and its comparison.


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

	No data available.
	Although there are no published cost data, it is unlikely that delayed cord clamping compared to early cord clamping will add costs for infants not requiring resuscitation. However, for infants requiring resuscitation additional equipment and additional training may be needed.

	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
○ Probably no impact
● Probably increased
○ Increased
○ Varies
○ Don't know

	The reduction in secondary, important outcomes, including need for inotropes and transfusions, may result in improved equity in low-resourced settings where these interventions may not be readily available.
	Both the intervention and the comparison are widely available in all settings. 

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

	The 2015 CoSTR suggested delayed umbilical cord clamping for preterm infants not requiring immediate resuscitation after birth (weak recommendation, very-low-quality evidence). 
Although umbilical cord clamping practices may vary across sites and providers, there has been an increase in the practice of DCC over recent years. 
{El-Naggar 2020 58, Ibrahim 2017 216, Ortiz-Esquinas 2020 1738}
	The intervention may cause some anxiety in providers who have always clamped early. 
Need for resuscitation might change the acceptability of the intervention. 

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	Delayed (later) cord clamping is feasible. {Kumbhat 2021 doi: 10.1016/j.jpeds.2020.12.072}. 
It should be noted that in many studies, infants randomized to later (delayed) clamping may have received early clamping if they were thought to require resuscitation. For example, in the largest study {Tarnow-Mordi 2017 2445} 19.5% (146 of 748) infants in the later cord clamping group had non-adherence to their allocated study arm because of clinical concern about infant well-being. 
	It is current standard of care in some centers. 



SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know


TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	● 
	○ 






	QUESTION #2

	COMPARISON 2: Should intact-cord milking compared to early cord clamping (<30s) be used for preterm infants?

	POPULATION:
	Preterm infants born at <34 weeks gestational age

	INTERVENTION:
	Intact-cord milking

	COMPARISON:
	Early cord clamping (based on timing of delaying clamping <30s)

	MAIN OUTCOMES:
	INFANT:
Survival to discharge from hospital
Mortality (post hoc analysis)
Moderate to severe neurodevelopmental impairment in early childhood
Cerebral palsy
Severe IVH: ultrasound diagnosis grades III and/or IV
Chronic lung disease (CLD): oxygen at 36 weeks' PMA
Necrotizing enterocolitis (≥ Bell's Stage II)
Hyperbilirubinemia (treated by phototherapy)
Respiratory support (mechanical ventilation or CPAP)
Inotropic support for hypotension during the first 24 hours of life (after birth)
Lowest mean arterial blood pressure in the first 12 hours of life
Blood transfusion (infant)
Total number of blood transfusions per infant
Hemoglobin concentrations within the first 24 h after birth
Hematocrit within the first 24 h after birth
Hemoglobin concentrations within 7 days after birth
Hematocrit within 7 days after birth
MATERNAL:
Severe postpartum hemorrhage (blood loss ≥ 1000 mL)

Blood transfusion (maternal)


	SETTING:
	DELIVERY ROOM

	PERSPECTIVE:
	Infants and their families
Health care practitioners providing care for newborn infants

	BACKGROUND:
	As for comparison #1

	CONFLICT OF INTERESTS:
	None


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	As for comparison #1
	

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don't know

	The systematic review identified 13 trials (1170 infants). {Mercer 2016 50, Finn 2019 121, Alan 2014 e493, El-Naggar 2019 F145, Elimian 2013 S22, Hosono 2008 F14, Katheria 2014 e94085, Kilicdag 2016 615, Lago Leal 2018 , Li 2020 184, March 2013 763, Silahli 2018 1560, Song 2017 527} 
For the critical outcomes of both survival to discharge (RR 1.02, 95% CI 0.98 to 1.06; I2=24%) and mortality (post hoc RR 0.77, 95% CI 0.49 to 1.23) 10 trials involving 945 infants (moderate certainty, downgraded for imprecision) could not exclude benefit or harm from intact-cord milking compared to early cord clamping. Only one study (26 infants) looked at moderate to severe neurodevelopmental impairment in early childhood and was non-contributory. No other critical outcomes were significant.
It is noteworthy that for the critical outcome of severe IVH, evidence of low certainty (downgraded for very serious imprecision) from 10 trials involving 889 infants could not exclude benefit or harm with intact-cord milking compared to early cord clamping (RR 0.72, 95% CI 0.44 to 1.19; I2 = 0%). {Mercer 2016 50, Finn 2019 121, Alan 2014 e493, El-Naggar 2019 F145, Elimian 2013 S22, Hosono 2008 F14, Katheria 2014 e94085, Li 2020 184, March 2013 763, Song 2017 527} 
With respect to important outcomes, intact-cord milking resulted in fewer infants receiving inotropic support for hypotension in the first 24 hours after birth (5 trials, 431 infants; RR 0.61, 95% CI 0.44 to 0.84; RD -0.12, 95% CI -0.19 to -0.05; NNTB 8, 95% CI 5 to 20; I2 = 0%; 125/1000 fewer infants received inotropic support for hypotension within the first 24 hours after birth when intact-cord milking was intended than when early cord clamping was intended, 95% CI 50/1000 fewer to 200/1000 fewer), higher hemoglobin concentrations within 24h after birth (10 trials, 914 infants; MD 1.18g/dL, 95% CI 0.65 to 1.71g/dL; I2 = 71%; random effects), higher hematocrit within 24h after birth (7 trial, 774 infants; MD 3.04%, 95% CI 1.28 to 4.80%; I2 = 69%; random effects), and fewer infants receiving blood transfusions (7 trial, 545 infants; RR 0.73, 95% CI 0.56 to 0.94; RD -0.17, 95% CI -0.30 to -0.04; NNTB 6, 95% CI 3 to 25; I2 = 54%; random effects; 167/1000 fewer infants received any blood transfusions when intact-cord milking was intended than when early cord clamping was intended, 95% CI 40/1000 fewer to 333/1000 fewer).
	The important cardiovascular and hematologic outcomes may be confounded by unreported variation in clinical practices such as fluid administration and transfusion thresholds, raising concerns about indirectness; thus clinical variation may be a reason for the inconsistency (I2 values range from 21% to 77%).


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
● Trivial
○ Varies
○ Don't know

	No significant undesirable effects were noted in the analyses.
	For this comparison of intact-cord milking with early cord clamping no subgroup analysis by gestation was done. It is not known whether the signal of harm identified in comparison #4 (later (delayed) cord clamping vs intact-cord milking) is mirrored in this comparison.
No critical or important outcomes showed undesirable effects, in particular, there were no significant differences in the important outcomes of respiratory support after birth and hyperbilirubinemia requiring phototherapy.
Only 2 studies reported maternal complications, and none were significant.

	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
● Moderate
○ High
○ No included studies

	Critical outcomes (all neutral to the question) ranged from very low to moderate certainty. Evaluation of the critical outcome of survival was based on a moderate level of certainty (downgraded for imprecision).  The certainty of evidence for important outcomes varied from very low to moderate.
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
● No important uncertainty or variability

	The main outcomes are highly valued – they are critical outcomes. {Strand 2020 328, Webbe 2020 425}
For this comparison of intact cord milking with early cord clamping no subgroup analysis by gestation was done. It is not known whether the signal of harm identified in comparison #4 (later (delayed) cord clamping vs intact-cord milking) is mirrored in this comparison.
	

	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

	No critical outcomes differ significantly between intact-cord milking and early cord clamping.
However, intact-cord clamping has benefits over early cord clamping with respect to hematological status, and the number of infants receiving inotropes or transfusion.
	One needs to consider intact-cord milking vs early cord clamping in the context of a third cord management strategy, delayed (or later) cord clamping.

	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
● Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

	There are no published cost data.
	Cord clamping strategies in infants who do not require resuscitation need additional communication between caregivers to identify exclusion criteria and to ensure appropriate immediate neonatal management. 
Training is required.

	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
○ High
● No included studies

	There are no data available.
	We perceive the additional resource requirements and costs to be low for both this intervention and its comparison.

	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

	There are no data available.
	As fewer infants receive inotropic support or transfusion with intact-cord milking, the cost-effectiveness leans in favour of the intervention.

	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
○ Probably no impact
● Probably increased
○ Increased
○ Varies
○ Don't know

	The reduction in secondary, important outcomes, including need for inotropes and transfusions, may result in improved equity in low-resourced settings where these interventions may not be readily available.
	Both the intervention and the comparison are widely available in all settings. 

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

	A recent retrospective multicenter study implies that this is an accepted practice among healthcare practitioners. {Kumbhat 2021 doi: 10.1016/j.jpeds.2020.12.072}
	There are no clear disadvantages to the caregiver or client with respect to the intervention.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	The intervention is feasible. {Kumbhat 2021  doi: 10.1016/j.jpeds.2020.12.072}

	


SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know


TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	● 
	○ 



	QUESTION #4

	COMPARISON 4: Should later (delayed) cord clamping (≥30s) compared to intact-cord milking be used for preterm infants?

	POPULATION:
	Preterm infants born at <34 weeks gestational age

	INTERVENTION:
	Later (delayed) cord clamping (≥30s)

	COMPARISON:
	Intact-cord milking

	MAIN OUTCOMES:
	INFANT:
Survival to discharge from hospital
Mortality (post hoc analysis)
Survival without moderate to severe neurodevelopmental impairment in early childhood
Cerebral palsy
Severe IVH: ultrasound diagnosis grades III and/or IV
Chronic lung disease (CLD): oxygen at 36 weeks' PMA
Necrotizing enterocolitis (≥ Bell's Stage II)
Hyperbilirubinemia (treated by phototherapy)
Respiratory support (mechanical ventilation or CPAP)
Inotropic support for hypotension during the first 24 hours of life (after birth)
Lowest mean arterial blood pressure in the first 12 hours of life
Blood transfusion (infant)
Total number of blood transfusions per infant
Hemoglobin concentrations within the first 24 h after birth
Hematocrit within the first 24 h after birth
MATERNAL:
Maternal death


	SETTING:
	DELIVERY ROOM

	PERSPECTIVE:
	Infants and their families
Health care practitioners providing care for newborn infants

	BACKGROUND:
	As for Comparison #1

	CONFLICT OF INTERESTS:
	None


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	Umbilical cord management affects every one of the 130 million infants born in the world each year. There is a growing body of evidence that suggests that cord management at birth influences survival, neonatal morbidities, and long-term neurodevelopment in preterm infants. {Al-Wassia 2015 18, Fogarty 2018 1, Mercer 2016 50, Rabe 2012 CD003248} 
	

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don't know

	The systematic review identified 7 trials (1073 infants). {Finn 2019 121, Katheria 2019 1877, Katheria 2015 61, Krueger 2015 394.e1, Pratesi 2018 364, Rabe 2011 205, Shirk 2019 482.e1} 
For the critical outcome of both survival to discharge (RR 0.99, 95% CI 0.95 to 1.02; I2=14%) and mortality (post hoc RR 1.21, 95% CI 0.76 to 1.94; I2=14%), the evidence of moderate certainty (downgraded for imprecision) from 5 trials involving 1000 infants, could not exclude benefit or harm with delayed cord clamping compared to intact-cord milking. 
There were no differences between delayed cord clamping compared to intact-cord milking for any of the outcomes: cerebral palsy (2 trials, 193 infants, RR 0.36, 95% CI 0.01 to 8.65); severe intraventricular hemorrhage (4 trials, 761 infants, RR 0.60, 95% CI 0.32 to 1.12; I2 = 23%); chronic lung disease (4 trials, 734 infants, RR 0.91, 95% CI 0.67 to 1.25; I2 = 0%); necrotizing enterocolitis (5 trials, 922 infants, RR 1.57, 95% CI 0.83 to 2.97; I2 = 0%); hyperbilirubinemia receiving phototherapy (2 trials, 236 infants, RR 1.05, 95% CI 0.90 to 1.24; I2 = 43%); hemoglobin at 24h after birth (6 trials, 914 infants, MD -0.002g/dL, 95% CI -0.56 to 0.53g/dL; I2 = 52%); and hematocrit at 24h after birth (5 trials, 841 infants, MD -0.18%, 95% CI -1.90 to 1.54%; I2 = 51%).
	In summary, no differences were noted between delayed cord clamping and intact-cord milking.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
○ Trivial
● Varies
○ Don't know

	Overall, there were no undesirable effects of delayed cord clamping compared to intact-cord milking. 
For the critical outcome of severe intraventricular hemorrhage, evidence of moderate certainty (downgraded for imprecision) from 4 trials involving 761 infants could not exclude benefit or harm with later (delayed) cord clamping compared to intact-cord milking (RR 0.60, 95% CI 0.32 to 1.12; I2 = 23%). {Finn 2019 121, Katheria 2019 1877, Katheria 2015 61, Rabe 2011 205} 
One large clinical trial comparing intact-cord milking with later (delayed) cord clamping closed recruitment before completion because of an increased rate of severe IVH in infants born at <28 weeks gestational age who received intact-cord milking. {Katheria 2019 1877}
	A recent randomized controlled trial comparing delayed cord clamping with intact-cord milking was stopped early due to a higher incidence of severe IVH in the milking group in the subgroup of very preterm infants (<28 weeks’ gestation). {Katheria 2019 1877} 



	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
● Moderate
○ High
○ No included studies

	Evidence was moderate for the critical outcome of survival and for the critical outcomes of severe IVH, necrotizing enterocolitis, and chronic lung disease. It was also moderate for the important outcomes of hyperbilirubinemia receiving phototherapy, hemoglobin concentration and hematocrit within 24h after birth.
	For some important outcomes, the GRADE analysis was post hoc. 

	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
● No important uncertainty or variability

	The main outcomes are highly valued – they are critical outcomes. {Strand 2020 328, Webbe 2020 425}
	

	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
● Varies
○ Don't know
	Overall, there were no undesirable effects of delayed cord clamping compared to intact-cord milking. 
For the critical outcome of severe IVH, evidence of moderate certainty (downgraded for imprecision) from 4 trials involving 761 infants could not exclude benefit or harm with later (delayed) cord clamping compared to intact-cord milking (RR 0.60, 95% CI 0.32 to 1.12; I2 = 23%). {Finn 2019 121, Katheria 2019 1877, Katheria 2015 61, Rabe 2011 205}
One large clinical trial comparing intact-cord milking with later (delayed) cord clamping closed recruitment before completion because of an increased rate of severe IVH in infants born at <28 weeks gestational age who received intact-cord milking. {Katheria 2019 1877}
	A recent randomized controlled trial comparing delayed cord clamping with intact-cord milking was stopped early due to a higher incidence of severe IVH in the milking group in the subgroup of very preterm infants (<28 weeks’ gestation). {Katheria 2019 1877}

	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
● Varies
○ Don't know

	There are no published cost data. However, for infants who do not require resuscitation, it is likely that delaying cord clamping (30s) compared to intact-cord milking does not add cost. 
For infants requiring resuscitation additional equipment and additional training may be needed.
	Cord clamping strategies in infants who do not require resuscitation need additional communication between caregivers to identify exclusion criteria and to ensure appropriate immediate neonatal management. 
Training is required.

	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
○ High
● No included studies

	No data available.
	We perceive the additional resource requirements and costs to be low for both this intervention and its comparison.

	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

	No data available
	Although there are no published cost data, it is unlikely that delayed cord clamping compared to intact-cord milking will add costs for infants not requiring resuscitation. However, for infants requiring resuscitation additional equipment and additional training may be needed.

	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
● Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

	No data available
	Both the intervention and the comparison are widely available in all settings.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	The 2015 CoSTR suggest delayed umbilical cord clamping for preterm infants not requiring immediate resuscitation after birth (weak recommendation, very-low-quality evidence); and suggest against the routine use of cord milking for infants born at 28 weeks of gestation or less, because there is insufficient published human evidence of benefit. {Perlman 2015 S204‒S241}
Although umbilical cord clamping practices may vary across sites and providers, there has been an increase in the practice of DCC over the last years. Cord milking is a less common practice of cord management. {El-Naggar 2020 58, Ortiz-Esquinas 2020 1738}
	Both the intervention and the comparison are practiced.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	The intervention is feasible. {Kumbhat 2021  doi: 10.1016/j.jpeds.2020.12.072}
Later cord clamping and cut cord milking appeared to be feasible in the context of the included trials. It should be noted that in many studies, infants randomized to later (delayed) clamping may have received early clamping if they were thought to require resuscitation. For example, in the Tarnow-Mordi study {Tarnow-Mordi 2017 2445} 19.5% (146 of 748) infants in the later cord clamping group had non-adherence to their allocated study arm because of clinical concern about infant well-being. This is less likely to be the case with intact-cord milking, where the baby is more likely to have received a placental transfusion before the need for resuscitation was determined.
	Current standard of care in some centers. 


SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know


TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	● 
	○ 
	○ 


TYPE OF RECOMMENDATION (OVERALL)
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for later (delayed) cord clamping > intact-cord milking > early clamping
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	● 
	○ 




OVERALL CONCLUSIONS
	Recommendation

	In infants born at less than 34 weeks’ gestational age who do not require immediate resuscitation after birth, we suggest deferring clamping the cord for at least 30 seconds (weak recommendation, low certainty of evidence).
In infants born at 28+0 to 33+6 weeks’ gestational age who do not require immediate resuscitation after birth, we suggest intact-cord milking as a reasonable alternative to deferring cord-clamping (weak recommendation, moderate certainty of evidence). 
We suggest against intact cord milking for infants born at less than 28 weeks’ gestational age (weak recommendation; very low certainty of evidence).
In infants born at less than 34 weeks’ gestational age who require immediate resuscitation, there is insufficient evidence to make a recommendation with respect to cord management. 
There is also insufficient evidence to make recommendations on cord management for maternal, fetal, or placental conditions that were considered exclusion criteria in many studies (in particular multiple fetuses, congenital anomalies, placental abnormalities, alloimmunization and/or fetal anemia, fetal compromise, and maternal illness). In these situations, we suggest individualized decisions based on severity of the condition and assessment of maternal and neonatal risk (weak recommendation; very low certainty of evidence).

	

	Justification

	The Task Force debated the certainty of evidence for the overall recommendation of later (delayed) cord clamping. Even though evidence for survival was ‘moderate certainty’ we felt that the doubt raised by the post hoc analysis of mortality justified downgrading our primary recommendation to ‘low certainty of evidence’.
Exclusion criteria from clinical trials were a significant concern for the Task Force. Many pregnancies were excluded from studies for the following reasons:
· Multiple fetuses
· Congenital anomalies and hydrops
· Placental abnormalities, including placenta previa, vasa previa, and abruption
· Alloimmunization and/or fetal anemia
· Fetal compromise including fetal growth restriction
· Maternal conditions or obstetrical concern
We were unable to draw conclusions from subgroup analyses with respect to these exclusion criteria. We therefore suggest caution when making cord management decisions in the presence of any of these conditions. In the absence of evidence from these subgroups, decisions regarding cord management should be individualized and based on the severity of the presenting condition(s) and an assessment of risk to the mother or baby during and after delivery. 
Our suggestions/recommendations were justified based on several inferences that included the following:
1. The critical outcome of survival with later (delayed) clamping versus early clamping suggests benefit or neutrality from delaying clamping.
2. There are no significant differences in other critical outcomes for all comparisons.
3. There is improvement in important cardiovascular (blood pressure), therapeutic (inotropic support and/or transfusions), and hematological outcomes with delayed (later) clamping and/or intact-cord milking versus early clamping.
4. There are no significant differences between later (delayed) clamping and intact-cord milking (except for the presence of a “signal for harm” from intact-cord milking in infants born at <28 weeks’ gestational age in a single large study).
5. Only one small study was available for cut-cord milking.
6. Post hoc and subgroup analyses and GRADE evaluations did not conflict with our suggestions or recommendations.
7. There is a paucity of evidence available to make recommendations for cord management in the preterm infant needing immediate resuscitation.
1: Survival with delayed (later) clamping versus early clamping 
This analysis was based on the preference of ILCOR to use survival to discharge as the primary outcome rather than mortality. It showed that later (delayed) cord clamping for 30 seconds or more in infants who do not require immediate resuscitation may have a survival benefit or make no difference when compared to early clamping (moderate certainty evidence, RR 1.02 and lower confidence interval just reaching 1.00). However, for mortality, the confidence intervals were wider and crossed 1.00.
When calculating confidence intervals around a relative risk, events that occur frequently (such as survival) will result in a narrower confidence interval than events that occur infrequently (in this case, mortality). In the included studies, survival was much more common than mortality. As a result, we anticipated that the confidence interval around survival and mortality would appear to have different precision. For transparency, we included the estimate for both outcomes. As a consequence of the wider confidence intervals, a post hoc analysis of mortality was unable to exclude benefit or harm (RR 0.80, 95% CI 0.63 to 1.02).
Our inference is that delayed cord clamping is safe and may be beneficial when compared to early clamping in infants born at <34 weeks who do not require immediate resuscitation. With a 2% increase in survival, the number needed to benefit is 50 (confidence interval 25 to >1000).
Overall, we interpret the data to suggest that later (delayed) cord clamping is likely to be safe and may have a benefit whether the outcome is described as survival or mortality.
2: No significant differences in other critical outcomes with any other comparison
With the exception of survival to discharge when later (delayed) clamping and early cord clamping were compared, no comparisons showed significant benefit or harm for any critical neonatal (or maternal) outcomes including severe intraventricular hemorrhage, chronic lung disease, necrotizing enterocolitis, neurodevelopment and maternal postpartum hemorrhage and infection.
3: Possible benefits in important outcomes with later (delayed) clamping or intact-cord milking versus early clamping.
Although there were no significant effects for all but one critical neonatal outcome, there were significant effects on some important outcomes. Later (delayed) cord clamping and intact-cord milking resulted in fewer infants receiving inotropic support, higher hemoglobin and hematocrit by 24 hours and 7 days, and fewer infants receiving blood transfusions. There were no significant effects on use of respiratory support after birth or use of phototherapy. However, although cut-cord milking improves neonatal hemoglobin and hematocrit, it is unknown if the intervention facilitates the post-natal cardiovascular transition in the same way as later cord clamping. 
These beneficial effects have a clinically important impact on inpatient care. Together with the potential benefit for the critical outcome of survival to discharge, they influenced us to suggest either later (delayed) cord clamping or intact-cord milking (in the case of infants born at 28+0 to33+0 weeks’ gestational age) over early clamping, despite the lack of evidence for benefit for other critical outcomes.
4: Lack of significant differences between later (delayed) clamping and intact-cord milking
The analysis, with moderate certainty, showed no significant differences in outcomes between later (delayed) clamping and intact-cord milking.
We noted that one large clinical trial comparing intact-cord milking with later (delayed) cord clamping closed recruitment before completion because of an increased rate of severe intraventricular hemorrhage in infants born at <28 weeks gestational age who received intact-cord milking. {Katheria 2019 1877} However, meta-analysis of 4 trials involving 761 infants could not exclude benefit or harm from later (delayed) cord clamping compared to intact-cord milking (RR 0.60, 95% CI 0.32 to 1.12; I2 = 23%). {Finn 2019 121, Katheria 2019 1877, Katheria 2015 61, Rabe 2011 205}
These findings influenced us to suggest intact-cord milking as a reasonable alternative to delayed cord clamping, except for infants born at <28 weeks’ gestational age.
5: Cut-cord milking
Only one study was included in this comparison (60 infants). Given the small numbers and nonsignificant findings, this comparison was not considered in our suggestions or recommendations. {Ram Mohan 2018 88}
6: Post hoc and subgroup analyses and GRADE evaluations
Subgroup analyses are exploratory and must be interpreted with caution.
The p-values for interaction did not suggest important influences of gestational age (p = 0.26 for interaction) or duration of deferral of cord clamping on survival to discharge (p = 0.27 for interaction).
There was some evidence that the effect of later cord clamping on survival to discharge may be influenced by setting, with treatment effect being apparent only in studies performed in high-income countries (p= 0.01 for interaction; studies in high-income countries: RR 1.06, 95% CI 1.02 to 1.11; I2 = 0%; studies in low-and-middle income countries: RR 0.97, 95% CI 0.92 to 1.01; I2 = 39%). We caution that the difference in effect direction, size and significance between low-and-middle- and high- income countries could be a result of variation in resources available to individual participating hospitals within each country.
We do not have sufficient confidence in these findings to make separate recommendations for cord management by country income, by gestational age, or interval from birth to cord clamping (beyond 30s). We consider that the beneficial effect of delayed clamping in high-income countries is likely to be widely generalizable and should therefore be offered in all settings. 
7: Cord management when immediate resuscitation is required
There is insufficient evidence to make any recommendation for cord management in preterm infants who require immediate resuscitation.
Overall justification:
In 2015, the ILCOR Neonatal Task Force stated: “We suggest delayed umbilical cord clamping for preterm infants not requiring immediate resuscitation after birth (weak recommendation, very-low-quality evidence). There is insufficient evidence to recommend an approach to cord clamping for preterm infants who do receive resuscitation immediately after birth, because many infants who were at high risk of requiring resuscitation were excluded from or withdrawn from the studies.” {Perlman 2015 S204‒S241} An updated review of the evidence does not substantially change this recommendation.
[bookmark: _GoBack]As all critical outcomes but one (survival to discharge with later (delayed) cord clamping versus early clamping) did not show either benefit or harm, we drew our conclusions from that one outcome and the important neonatal outcomes of fewer infants receiving inotropic support, higher hemoglobin and hematocrit concentrations, fewer blood transfusions, and otherwise no evidence of harm for the mother or neonate. Limited subgroup analyses were non-contributory but did not contradict the results of critical or important comparisons. 
Two previous systematic reviews suggest benefits from later (delayed) clamping over early clamping in preterm infants for survival and other outcomes. {Fogarty 2018 1, Rabe 2008 138} The systematic review that informed this statement of Consensus on Science with Treatment Recommendations {Seidler 2021 } included an additional 11 studies, while removing studies with substantial late preterm populations. All three reviews are in general accord in suggesting that benefits outweigh harms of later (delayed) cord clamping in preterm infants resembling those enrolled in the included trials. A large systematic review derived from individual patient data is underway and may improve the certainty of evidence for some critical and important outcomes. {Seidler 2020 e034595}
It should be noted that in many studies, infants randomized to later (delayed) clamping may have received early clamping if they were thought to require resuscitation. For example, in the largest study {Tarnow-Mordi 2017 2445} 19.5% (146 of 748) infants in the later cord clamping group had non-adherence to their allocated study arm because of clinical concern about infant well-being. This is less likely to be the case with intact-cord milking, where the baby is more likely to have received a placental transfusion before the need for resuscitation was determined. We await the results of studies that are underway or planned that examine resuscitation with the cord intact, which may help determine the optimal umbilical cord management for infants at highest risk for mortality and neonatal morbidity.
There is currently insufficient evidence to make a recommendation with respect to cord management for preterm infants who require immediate resuscitation. There is also uncertainty regarding the optimal cord management strategy in deliveries complicated by multiple pregnancies, infants who have major congenital abnormalities, fetal anemia, or other conditions that may impact maternal or fetal well-being at the time of birth. There is also uncertainty regarding optimal cord management in the setting of placental problems including abruption, incision through an anterior placenta, placenta previa, or abnormalities of placental vasculature or insertion. Until more data are available for specific situations such as these, decisions about cord management in the presence of maternal, placental, or fetal complications need to be individualized, based on severity of presentation and clinical assessment of risk to the mother or baby.
The uncertainty of the updated evidence (including its generalisability to infants at highest risk for adverse outcomes) influences the decision to continue to make a ‘weak’ recommendation.



	Subgroup considerations

	As described in the “Justification” (preceding section)

	Implementation considerations

	
Early cord clamping, and the 3 cord management approaches evaluated as interventions appear to be feasible in the context of the included trials.
It should be noted that in many studies, infants randomized to later (delayed) clamping may have received early clamping if they were thought to require resuscitation. For example, in the largest study{Tarnow-Mordi 2017 2445} 19.5% (146 of 748) infants in the later cord clamping group had non-adherence to their allocated study arm because of clinical concern about infant well-being. This is less likely to be the case with intact-cord milking, where the baby is more likely to have received a placental transfusion before the need for resuscitation was determined. We await the results of studies that are underway or planned that examine resuscitation with the cord intact, which may help determine the optimal umbilical cord management for infants at highest risk for mortality and neonatal morbidity.



	Monitoring and evaluation

	Many of the included studies did not record the exact time of cord clamping. The details of cord management including the timing of clamping should be routinely recorded in clinical practice and research studies.

	Research priorities

	We identified the following knowledge gaps: 
· There are insufficient data on long-term neurodevelopment outcomes, or any other post-discharge outcomes.
· There are insufficient data on cord management as a public health strategy to impact child health and development 
· There are insufficient data for cord management among preterm infants who require immediate resuscitation.
· There are insufficient data for cord management among preterm infants with specific conditions, such as congenital heart or lung disease.
· The long-term neurodevelopmental outcomes of intact-cord milking in extremely preterm infants is uncertain.
· The optimal timing of cord clamping is not known, nor is how it should be determined with different maternal or fetal conditions.
· There are limited numbers of studies of cut-cord milking as a management strategy
· The impact of cord management on vertical transmission of infectious diseases is uncertain
· There is a need for widely agreed nomenclature and definition of different interventions including “delayed”, “deferred”, “later”, “optimal”, and “physiological” cord clamping, as well as “milking”, “stripping”, “intact-cord”, and “cut-cord”.
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