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Abstract 

Background 

Delayed cord clamping (DCC) and umbilical cord milking (UCM) may improve placental 

transfusion and neonatal hematological outcomes. In neonates requiring resuscitation at 

birth, intact cord milking (I-UCM) and cut cord milking (C-UCM) may provide alternative 

approaches to facilitate placental transfusion. Evidence comparing these approaches in 

neonates requiring resuscitation is limited. 

Methods 

This is a single-centre, prospective, two-arm, parallel-group, superiority randomized 

controlled trial conducted at St John’s Medical College and Hospital, Bengaluru, India. 
Neonates born at ≥28 weeks of gestation who require resuscitation at birth are eligible. 

Mothers are approached antenatally and written informed consent is obtained before 

delivery. Eligible participants are randomized in a 1:1 ratio before birth, with stratification 

by gestational age (<37 weeks and ≥37 weeks). 

In the I-UCM group, the intact umbilical cord is milked three times toward the neonate 

before clamping and cutting. In the C-UCM group, the cord is clamped and cut before the 

cord is milked three times toward the neonate. Standard neonatal resuscitation and 

routine neonatal care are provided in both groups according to clinical indication and 

institutional protocols. 

The primary outcome is haemoglobin concentration. Secondary outcomes include time to 

first breath, Apgar scores, heart rate, oxygen saturation, mean arterial pressure, cerebral 

oxygenation measures, need for inotropic support, bilirubin levels, red blood cell 

transfusion, and mortality. Follow-up continues until hospital discharge. Analyses will 

follow the intention-to-treat principle. A prespecified subgroup analysis will compare 

neonates born at <37 versus ≥37 weeks of gestation. 

Discussion 

This trial will evaluate whether intact cord milking compared with cut cord milking 

improves haematological and clinical outcomes among neonates requiring resuscitation 

at birth. The findings may provide evidence to guide cord-management practices in this 

population. 
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1. BACKGROUND 

The transition from fetal to neonatal life is a critical period marked by significant 

cardiopulmonary changes. Placental transfusion—the transfer of residual placental blood 

to the newborn—is a key physiological process that improves hemodynamic stability, iron 

stores, and neurodevelopmental outcomes [1, 2]. The World Health Organization 

recommends delayed cord clamping (DCC) for 60-180 seconds as the standard of care for 

vigorous newborns [3]. 

For neonates who are non-vigorous at birth and require immediate resuscitation, DCC is 

not feasible as the "golden minute" of resuscitation takes precedence. In such scenarios, 

umbilical cord milking (UCM) has emerged as a viable alternative, providing a rapid 

placental transfusion within seconds [4]. UCM can be performed as intact cord milking (I-

UCM), where the cord is milked towards the infant before being cut, or cut cord milking (C-

UCM), where the cord is cut first and the segment is milked on the resuscitation trolley. 

Evidence from systematic reviews and randomized trials, including one conducted at our 

centre, has established that UCM is superior to immediate cord clamping in preterm 

neonates, leading to higher haemoglobin levels, improved systemic blood flow, and 

reduced intraventricular haemorrhage [5, 6]. The 2023 ILCOR guidelines suggest that for 

infants >28 weeks who need resuscitation, I-UCM is a reasonable alternative to immediate 

clamping [7]. A pilot study by McAdams et al. suggested that I-UCM may transfer a greater 

blood volume than C-UCM [8]. However, no study has compared the clinical efficacy and 

safety of I-UCM versus C-UCM in the vulnerable population of neonates requiring 

resuscitation. This trial is designed to fill this critical evidence gap. 

2. METHODS/DESIGN 

2.1 Study Aim and Objectives 

The aim of this study is to determine the best placental transfusion strategy in 

neonates ≥28 weeks gestation who require resuscitation at birth by comparing I-UCM and 

C-UCM. Primary Objective is to compare the effect of I-UCM versus C-UCM on serum 

haemoglobin levels at 6 hours of life. And secondary Objectives is to compare the effects 

of I-UCM versus C-UCM on Apgar scores at 1 and 5 minutes, time to first breath, heart rate 

and oxygen saturation at 5, 10, and 60 minutes, mean arterial pressure at 2 and 6 hours of 

life, need for inotropic support in the first 48-72 hours, cerebral oxygenation (measured by 

NIRS) over the first 6 hours, peak serum bilirubin level, need for packed red blood cell 

transfusion during the neonatal period and all-cause mortality during the neonatal period. 

2.2 Trial Design 



This is a prospective, two-arm, parallel-group, randomized, controlled, superiority trial 

conducted at a single tertiary care centre. Patients or members of the public were not 

involved in the design, conduct, or reporting of this trial. Given the acute nature of neonatal 

resuscitation and the need for antenatal consent and pre-birth randomization, patient and 

public involvement was not feasible. 

2.3 Study Setting 

The study will be conducted in the delivery rooms (Operation Theatre and Labor Room) and 

the Neonatal Intensive Care Unit (NICU) of St. John's Medical College Hospital, Bangalore, 

India. 

2.4 Study population 

Inclusion Criteria for the study are neonates born at ≥28 weeks of gestation delivered at 
SJMCH, who do not cry or breathe at birth and require resuscitation as per NRP guidelines. 

Exclusion Criteria includes neonates <28 weeks of gestation, multiple births (twins, 

triplets, etc.), antenatally detected major congenital anomalies, umbilical cord 

abnormalities (e.g., true knot) and hydrops fetalis. Participant details who are planned for 

enrolment are shown in table 1. 

Table 1. PRO EDI participant characteristics 

Expected demographic characteristics of participants included in the study protocol. 

Since this is a protocol article, the table describes anticipated participant characteristics 

rather than observed sample characteristics 

PRO EDI characteristic  

Age Eligible participants are neonates born at ≥28 weeks’ gestation who 
require resuscitation at birth. Gestational age is used for eligibility and 
stratified randomisation (<37 weeks vs ≥37 weeks). 

Sex The protocol does not restrict eligibility by infant sex. Sex assigned at 
birth will be recorded and patient enrolment will be according to the 
randomised group. 

Gender As participants are neonates and the intervention allocation is based on 
cord-milking strategy, gender is not an eligibility criterion. 

Race / ethnicity / ancestry The study is being conducted in southern part of India where the 
predominant anticipated race is South Asian. 

Socioeconomic status (SES) Socioeconomic status will not be assessed, as it is not directly relevant 
to the study objectives. Given the study location is a private tertiary care 
hospital, participants are expected to represent a broad range of 
socioeconomic backgrounds. 

Geographic location Single-centre recruitment at St. John’s Medical College Hospital, 
Bengaluru, Karnataka, India. 

 



2.5 Sample Size 

The sample size was calculated based on the haemoglobin levels reported by Orpak et al. 

[9]. Assuming a mean (SD) haemoglobin of 18.4 (1.4) g/dL in the I-UCM group and 17.7 (1.8) 

g/dL in the C-UCM group, with a power of 90% and a two-sided alpha of 0.05, a total of 224 

neonates (112 per group) are required. To account for potential incomplete data, the 

sample size will be inflated to 240 (120 per group). 

2.6 The Intervention 

All delivering obstetricians and neonatal resuscitation team members will be trained on 

the standardized procedure using a video demonstration prior to the study 

commencement. 

Group 1 (Intervention - I-UCM): After delivery, the obstetrician will milk the intact umbilical 

cord from a point approximately 25 cm from the introitus (marked by an artery forceps) 

towards the neonate three times at a speed of ~10 cm/sec. The cord will then be clamped 

and cut, and the infant will be transferred to the radiant warmer for standard resuscitation. 

Group 2 (Control - C-UCM): After delivery, the obstetrician will immediately clamp and cut 

the umbilical cord at approximately 25 cm from the introitus. The infant will be transferred 

to the radiant warmer. The senior resident will then raise the cord and milk it from the cut 

end towards the infant three times at a speed of ~10 cm/sec. The cord will be re-clamped 

2-3 cm from the base, and standard resuscitation will continue. 

In both groups, the time to perform milking and the time to first breath will be recorded 

using a stopwatch. If the allocated cord-milking procedure cannot be safely completed, it 

will be discontinued and standard neonatal resuscitation will proceed without delay. Any 

modification, non-completion, or discontinuation of the allocated procedure will be 

documented with the reason and relevant clinical details. Standard neonatal resuscitation 

and routine NICU care will be provided equally in both groups according to clinical 

indication and institutional protocols. No additional co-intervention specifically related to 

the study allocation is permitted. 

2.7 Outcomes 

Primary Outcome is to estimate serum haemoglobin (g/dL), measured from a 0.5 

mL peripheral venous blood sample at 6 hours of life. 

Secondary outcomes planned for assessment includes resuscitation and 

transition: Apgar scores at 1 and 5 min; time to first breath (sec), hemodynamic and 

oxygenation: heart rate (bpm) and oxygen saturation (%) at 5min, 10min, and hourly for 6 

hours; mean arterial pressure (mmHg) at 2 and 6 hours; cerebral tissue oxygen saturation 



(crSO2%) measured by Near-Infrared Spectroscopy (NIRS) hourly for 6 hours;, clinical 

morbidities: need for inotropic support (Yes/No) in first 48-72 hrs; peak serum bilirubin 

level (mg/dL); need for packed red blood cell transfusion (Yes/No) during hospital stay and 

mortality: all-cause neonatal mortality (prior to discharge) 

Safety and adverse events will be assessed by the treating neonatal team during the 

intervention, resuscitation, and subsequent hospital stay until discharge. Any adverse 

event potentially related to the intervention will be documented, assessed for severity and 

relatedness, and managed according to standard clinical practice. 

2.8 Randomization 

A computer-generated block randomization list with variable block randomization, 

stratified by gestation, has been prepared by statistician. The strata by gestation at birth 

are less than 37 weeks and more than or equal to 37 weeks. The random allocation is 

concealed in serially numbered, opaque, sealed envelopes prepared at SJMCH. 

2.9 Blinding 

Due to the nature of the intervention, the clinicians and investigators cannot be blinded. 

However, the laboratory personnel analysing the haemoglobin samples will be blinded to 

the group allocation. 

2.10 Study implementation strategy 

The clinical trial is conducted in compliance with the clinical trial protocol, good clinical 

practices, and the applicable regulatory requirements. The study is implemented in a 

standardized manner and trial conducted in audited and monitored by weekly meeting of 

primary investigator and guide. The progress will be documented, and necessary steps will 

be take taken to ensure protocol adherence.  

2.11 The screening, randomization and enrolment 

2.11.1 Screening 

Antenatal mothers ≥28 weeks gestation admitted for delivery will be approached for 
written informed consent. Every effort will be made to take consent from both mother and 

father however, if mother is not approachable for any given reason then consent will be 

taken from father or guardian. Consent will be a two-stage process: antenatal information 

and consent for potential inclusion, with final enrolment contingent on the baby meeting 

the eligibility criterion of requiring resuscitation at birth. 

2.11.2 Randomization and allocation 



Randomization: Participants will be allocated in a 1:1 ratio to I-UCM or C-UCM using 

computer-generated random sequences. 

Allocation Concealment: Opaque, sequentially numbered, sealed envelopes will be used 

to conceal the allocation until the moment of intervention. 

2.11.3 Enrolment 

Neonatologist or paediatrician attending the delivery will randomise the baby prior to 

attending the delivery. Soon after the baby is delivered if baby cries then delayed cord 

clamping will be done as per WHO norms. However if the baby does not cry and requires 

resuscitation at birth, then will be enrolled to the respective group as per prior 

randomization. Suggested participant enrolment timeline and flow are showed in figure 1 

and figure 2 respectively. 

Figure 1: SPIRIT 2025 Participant timeline 

DOMAIN 
PROCEDURE / 

ASSESSMENT 

Antenatal 

(before 

birth) 

Birth / 

final 

eligibility 

1 

min 
5 

min 
10 

min 
1h 2h 3h 4h 5h 6h 

48–
72 h 

Hospital 

discharge 

ENROLMENT Eligibility screen X X            

 Written informed 
consent 

X             

 Final eligibility / trial 
enrolment if 
resuscitation 
required 

 X            

 1:1 randomization 
before birth 

X             

INTERVENTION  I-UCM 
 X            

COMPARATOR C-UCM 
 X            

ASSESSMENTS Baseline 
characteristics 

 X            

 Apgar / time to first 
breath 

 X X X          

 Heart rate / SpO2    X X X X X X X X   

 Mean arterial 
pressure 

      X    X   

 Haemoglobin           X   

 NIRS / crSO2 / cFOE 
(hourly for first 6 h) 

     X X X X X X   

 Need for inotropic 
support 

           X  

 Peak bilirubin / 
PRBC transfusion / 
mortality 

           X X 

 Fidelity / deviations / 
resuscitation details 
/ adverse events 

 X  X X X X X X X X X X 

Antenatal consent precedes birth and randomisation is before birth. Final trial enrolment 

occurs only if resuscitation is required. I-UCM/C-UCM are single delivery-room 

interventions. 



Figure 2: Enrolment flow 

 



2.12 Outcome measure team 

2.12.1 Data Collection and Management 

Data will be collected on a standardized case report form(CRF). Monitoring of heart rate, 

SpO2, blood pressure, and cerebral oximetry will be performed as per the schedule 

outlined in the outcomes section. All data will be stored securely, and electronic data will 

be password-protected. Access will be restricted to the investigation team. Follow-up will 

continue for all enrolled neonates until hospital discharge. Any protocol deviations, 

discontinuations, or withdrawals will be documented with the date, reason, and relevant 

clinical details. 

 2.13 Quality assurance 

2.13.1 Training and standardisation  

All the neonatologists, paediatric postgraduates and obstetricians attending delivery will 

be trained prior on several occasions and their training process would be documented. 

Training includes video demonstrations, teaching and simulation using mannequin and 

monthly refreshing the same. 

Posters about the study will be prepared and displayed in NICU, labour rooms and 

operation theatres.  

Post enrolment all the personnel attending delivery would be approached by the primary 

investigator and the procedure done would be retrospectively assessed using a quality 

assurance checklist to ensure fidelity with the intervention.  

2.14 Trial registration 

The trial is registered in Clinical Trials Registry India (CTRI) in January 2025 with CTRI 

number CTRI/2025/01/079614.  

2.15 General principles for analysis 

Data will be analysed on an intention-to-treat basis. The primary outcome, haemoglobin at 

6 hours, will be compared between groups using a two-sample t-test, presented as a mean 

difference with a 95% confidence interval. Categorical secondary outcomes will be 

compared using the Chi-square or Fisher's exact test. A p-value of <0.05 will be considered 

statistically significant. Statistical analysis will be performed using SPSS or R software. 

Missing outcome data will be documented with the reason. Analyses will use available 

data, and the extent and pattern of missing data will be reported. No imputation is 

planned. A prespecified subgroup analysis will be performed according to gestational age 



(<37 weeks vs ≥37 weeks) to assess the consistency of the treatment effect. No other 
subgroup analyses are planned. 

2.15.1 Ancillary and post-trial care 

All enrolled neonates will receive standard neonatal care according to clinical condition 

and institutional protocols, irrespective of group allocation. Any adverse event potentially 

related to the intervention will be assessed and managed appropriately and reported to the 

Institutional Ethics Committee when required. Compensation and management of trial-

related injury, if applicable, will follow Institutional Ethics Committee and applicable 

regulatory requirements. No additional post-trial intervention is planned. 

2.16 Data Monitoring 

Weekly meetings of the investigators will be conducted to review the data and ensure 

fidelity with the intervention and study processes. The investigators will be responsible for 

interim data review and monitoring for any unforeseen adverse events. The datasets 

generated and/or analysed during the current study are not publicly available because of 

participant confidentiality and ethical restrictions but may be made available from the 

corresponding author on reasonable request, subject to institutional and ethical 

requirements. 

2.16.1 Interim analysis and stopping rules 

Data will be analysed after 50% and 75% of babies enrolled. Stopping rules will be as per 

Haybittle-Peto rules for efficacy. 

2.17 Protocol Amendments 

Any amendments to the protocol will be submitted to the IEC for approval prior to 

implementation. 

2.18 Declaration 

2.18.1 Ethics and Dissemination: The study protocol has been approved by the 

Institutional Ethics Committee of St.John's Medical College Hospital. The trial will be 

registered with the Clinical Trials Registry - India (CTRI) before participant enrolment 

begins. The results of this trial will be disseminated through publication in a peer-reviewed 

journal and presentation at scientific conferences.  

2.18.2 Consent: Written informed consent will be obtained from a parent or legal guardian. 

Availability of data and material 

2.18.3 Confidentiality 



All participant data will be de-identified using a unique study code. Confidentiality will be 

maintained throughout the study and in any publications. 

2.18.4 Funding 

This trial is self-funded, with no specific external grant from a public, commercial, or not-

for-profit funding agency. The sponsor has no role in the study design, conduct, data 

collection, analysis, interpretation of results, or decision to submit the manuscript for 

publication. The Principal Investigator retains final decision-making authority regarding the 

conduct of the trial and publication of its results. This research received no specific grant 

from any funding agency in the public, commercial, or not-for-profit sectors. The sponsor 

of the trial is Niteesh R N, Department of Neonatology, St John’s Medical College and 
Hospital, Bengaluru, India. 

2.18.5 Competing interest 

The investigators declare no competing interests. The Institutional Ethics Committee 

members involved in the ethical review of the study have no competing interests related to 

this trial. 

2.18.6 Authors’ contribution 

• Niteesh R N: Conceptualization, Methodology, Investigation, Data Curation, Writing 

- Original Draft 

• Suman Rao P N: Conceptualization, Methodology, Supervision, Writing - Review & 

Editing 

• Manjula: Methodology, Resources, Writing - Review & Editing 

• Saudamini Nesargi: Methodology, Supervision, Writing - Review & Editing 

All authors have read and approved the final manuscript. 

 

3. Discussion 

Placental transfusion has become an important and evolving topic in neonatology, leading 

to numerous recent randomized controlled trials (RCTs). Placental transfusion refers to 

the transfer of residual blood from the placenta to the newborn during the first minutes 

after birth. This can be achieved mainly through delayed cord clamping (DCC), intact 

umbilical cord milking (I-UCM), or cut cord milking (C-UCM). Historically, immediate cord 

clamping was common but growing physiological and clinical evidence has shown that 

this interrupts normal fetoplacental circulation and reduces neonatal blood volume.  

Over the past decade, many RCTs have evaluated placental transfusion strategies. Studies 

consistently show that delayed cord clamping improves neonatal outcomes, particularly in 



preterm infants, including improved transitional circulation, higher haemoglobin levels, 

reduced need for blood transfusion, and lower rates of intraventricular haemorrhage (IVH) 

and necrotizing enterocolitis. Because of this evidence, most guidelines recommend 

delaying cord clamping by at least 30–60 seconds in vigorous infants.  

However, clinical situations sometimes make DCC difficult, especially when the infant 

requires immediate resuscitation. This has led to interest in cord milking, which attempts 

to rapidly transfer placental blood toward the infant. Some RCTs suggest that cord milking 

may increase haematocrit and improve systemic blood flow compared with DCC, 

particularly in caesarean deliveries. Yet evidence remains conflicting. A large trial in 

extremely preterm infants (23–27 weeks) was stopped early because umbilical cord 

milking was associated with a higher rate of severe IVH compared with delayed clamping, 

raising safety concerns. Conversely, more recent RCTs in moderately preterm infants (28–
32 weeks) found no difference in severe IVH or death between cord milking and delayed 

clamping, suggesting it may be a reasonable alternative when DCC is not feasible.  

The distinction between intact cord milking and cut cord milking is also important. Intact 

cord milking is performed before the cord is clamped and may allow continued placental 

circulation, whereas cut cord milking occurs after the cord is clamped and likely provides 

less transfusion. Unfortunately, there are relatively few direct RCT comparisons between 

these two approaches, leaving uncertainty regarding which method is safer or more 

effective. 

In practice, the balance of evidence currently favours delayed cord clamping as the 

standard strategy, particularly for very preterm infants. Cord milking may still have a role 

when immediate neonatal stabilization is required, but caution is needed in extremely 

preterm infants due to possible risks of IVH. Upon completion, this trial will provide 

comprehensive data on efficacy of intact cord milking, cut cord milking and their 

comparison in developing countries.  

4. Trial status 

The recruitment of participants for the study is completed, and the protocol was submitted 

for publication before the patient recruitment was completed. Trial registration began in 

April 2025 and enrolment was completed in May 2026. 
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