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Protocol Summary  35 

Study Title Premature Infants Receiving Milking or Delayed Cord Clamping: 
Randomized Controlled Multicenter Non- Inferiority Trial [PREMOD2]

Population Premature Infants 230  - 316 weeks gestational age 

Primary Objective To compare the incidence of severe IVH and/or death in premature 
newborns 230  - 316 weeks delivered by C/S receiving UCM to those 
receiving DCC. 

Aims/Hypotheses Aim 1. Compare the incidence of severe IVH and/or death in 
premature newborns 230  - 316 weeks GA delivered by C/S receiving 
Umbilical Cord Milking to those receiving Delayed Cord Clamping. 
Hypothesis 1: Demonstrate infants in the Infants Receiving Milking 
(UCM) group are not inferior to the Delayed Cord Clamping (DCC) 
group with regard to severe IVH and/or death.   
Hypothesis 2: If H1 is true, demonstrate lower incidence of severe 
IVH and/or death in UCM infants compared to DCC. 
Aim 2. Compare the safety and efficacy profiles of premature 
newborns <32 weeks GA delivered by C/S receiving UCM vs. DCC 
during their hospitalization and at 24 months corrected age. 
Hypothesis 3: UCM group will have a decreased need for 
resuscitation interventions with no difference in bilirubin or 
polycythemia compared to DCC. 
Hypothesis 4: 
In the NIRS sub-study, the UCM group will have improved early 
cardiac and cerebral hemodynamics in the delivery room and first 24 
hours of life compared to DCC. 
Hypothesis 5: Infants in the UCM group will have improved long 
term outcomes such as  less Neurodevelopmental Impairment (NDI) 
at 24 months corrected age compared to DCC.  
Aim 3  (Exploratory, hypothesis-generating): To compare the 
outcomes of premature newborns 230  - 316 weeks GA delivered by 
C/S (from Aims 1 and 2) with those born by vaginal delivery 
receiving UCM or DCC. 

Design and Sample Size This prospective multi-national randomized controlled trial (RCT) is a 
two-arm parallel design of two alternative approaches of treatment.  
1500 infants – 750 Delayed Cord Clamping / 750 Milking 

Inclusion Criteria  Infants delivered at 230  - 316 weeks GA based on ultrasound 
of the fetus up to 13+6 weeks of gestation, if assisted 
reproductive technology (ART) resulted in the pregnancy, the 
ART derived date, if neither then the best obstetric estimate 
at the time of delivery). 

 Infants without known major congenital malformations prior to 
delivery 

 Multiples (unless monochorionic) will be randomized to same 
group 
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Exclusion Criteria   Congenital anomalies of newborn 
 Cardiac defects other than small VSD and PDA 
 Maternal HIV, Hepatitis B and C 
 Placenta abruption or previa with active bleeding, cutting 

through the placenta (Note: Partial abruptions are not 
excluded) 

 Cord prolapse 
 Hydrops  
 Bleeding Accreta 
 Monochorionic twins (Di/Mo or Mo/Mo) 
 Fetal risk or maternal risk for severe compromise at delivery 

identified by obstetrician or neonatologist   
 Families unlikely to return for neurodevelopmental testing at 

24 months 
Efficacy Endpoints  Primary:   

The rate of severe IVH (grade 3 or 4) or death  
Secondary:  

 Incidence of death or neurodevelopmental impairment at 22-
26 months corrected gestational age 

 All Grade Intraventricular Hemorrhage 
 Severe IVH (Grade 3 or 4) 
 Hemoglobin/Hematocrit at 4 hours 
 Incidence of Severe IVH or death in infants <28 weeks 

gestation 
 Cerebral StO2 during Resuscitation – Sub-study 
 Cerebral StO2 in the NICU  – Sub-study 

Safety Evaluations  Adverse events 

Statistical Methodology See Data Analysis section. 

Enrollment Period  3 years 

Study Duration   5 years 

Webpage http://www.Premod2.org 

ClinicalTrials.Gov Trial  NCT03019367  

Data and Safety Monitoring Board 36 

Richard Polin, MD 

Yasser El-Sayed, MD 

John Kinsella, MD 

Suneet P. Chauhan, MD 

Maureen Duff, Pharm D. 

Amber Salter-Albright, PhD 

Columbia University 

Stanford University 

University of Colorado  

University of Texas-Houston 

Parent/Researcher 

Washington University St. Louis 

Steering Committee 37 

Michael Varner, MD 

Neil Finer, MD 

Anup Katheria, MD 

University of Utah; Chair 

Sharp Mary Birch Hospital 

Sharp Mary Birch Hospital 
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Sponsor:  Eunice Kennedy Shriver National Institute of Child Health and Human Development 40 
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Sharp Mary Birch Hospital for Women & Newborns 43 
San Diego, California, USA 44 
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Study Overview Diagram 76 
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 126 

Screening 
All maternal admissions < 32 wks GA 

LDR/PSCU

     Exclusion 
• Congenital anomalies 
• Major cardiac defects 
• Placenta abruption or previa, hemorrhage 
  Note: Partial abruptions are not excluded  
• Monochorionic twins 
• Cord prolapse 
• Hydrops  
• Bleeding Accreta 
• Fetal or maternal risk (i.e. compromise) 
• Maternal HIV, Hepatitis B and C 
• Parents declined study 
 Unlikely to return for 2 yr FU 

N=1500 
Stratification 

 GA  23- 27 6   &  28 - 316  
 Mode:   CS = 1100 / Vag = 400

Randomize 
At Delivery 

2 Year FU 

UCM 
N=750 

DCC 
N=750 

Data Collection 
Through Discharge 

Inclusion 
 

 Delivered 230 - 316 weeks  GA 
 No known major congenital    
   anomalies 
 Multiples (unless mono- 
   chorionic) randomized to same  
   group  
 Antenatal consent (if required) 
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Intervention Flow Diagram 128 
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Randomize 
Open randomization card just prior to delivery 

Pre-briefing 
• Notify OB Team of treatment procedure (DCC or UCM) 
• Instruct LDR RN to call out seconds during DCC or number of times cord is 

milked;    i.e.  DCC: 30 sec, 50 sec, 60 sec,  “may clamp & cut cord”;            
                      UCM: milked 1,  2, 3, 4x 

       

BIRTH 
Provide wrap, warmth 

Tactile stim for resp effort 
Note time to first cry or breath 

UCM 
X 4, 2 seconds each 

DCC 
>  60 seconds 

To Radiant Warmer 
Routine NRP Care 

(NIRS probe for sub-study only) 

Save Randomization card 
Complete DR Data  

Enter initial enrollment data 
within 72 hours 
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Background 238 

Extremely premature infants can experience severe bleeding in the brain, or severe intraventricular 239 

hemorrhage (IVH) which usually occurs within 72 hours after birth. Approximately 65% of all severe 240 

IVH are in infants < 28 weeks gestation, though only 1-2% of overall births are at this gestation. This 241 

has significant public health implications, by causing increased death and long-term morbidities in this 242 

high risk population. The study intervention is poised to understand if we can reduce this burden, and 243 

the trial will provide data on a not yet established therapy. If the strategy is indeed successful, 244 

potential benefits for preterm infants are life-long. 245 

The etiology of IVH is multifactorial and is primarily attributed to the intrinsic fragility of the germinal 246 

matrix vasculature and the disturbance of cerebral blood flow. Physiological studies have 247 

demonstrated an association between low blood flow and low blood pressure within the first 24 hours 248 

resulting in the development of IVH and neurological impairment later in childhood.  Hence, 249 

stabilization of the germinal matrix vasculature and the maintenance of normal cerebral blood flow on 250 

the first day of life is a potential strategy to reduce severe IVH. Fifty percent of the feto-placental 251 

circulation resides in the placenta.1 It seems logical to assume that providing premature newborns with 252 

a sufficient placental transfusion by delaying clamping of the umbilical cord for 30 to 60 seconds would 253 

reduce IVH by improving blood flow at birth. Delayed cord clamping (DCC) has been shown to reduce 254 

overall grades (mainly lower grades 1 and 2) of IVH but has not had an effect on severe IVH (grades 3 255 

and 4).  While there may be uncertainty about the long-term outcomes of premature newborns with 256 

low grade IVH, there is a clear need to prevent severe IVH. 257 

 Recently, we evaluated umbilical cord milking (UCM), a technique which provides a placental 258 

transfusion by grasping the unclamped umbilical cord and pushing blood towards the newborn several 259 

times before the cord is clamped. Our Phase 1 pilot trial (PREMOD: PREmature infants receiving 260 

Milking Or Delayed clamping; n=154) compared UCM to DCC in premature newborns delivered by 261 

C/S and demonstrated that UCM improved blood flow and organ perfusion (as measured by cardiac 262 

ultrasound and improved urine output) by providing a greater placental transfusion (measured by a 263 

higher admission haemoglobin). A meta-analysis has demonstrated benefits in premature newborns, 264 

and a recent survey done by our group has demonstrated that over 50 percent of perinatologists 265 

perform cord milking in premature infants.  266 

Knowledge to date  267 

Severe IVH may be closely related to perinatal hemodynamic changes, including an increase 268 

in the afterload on the left ventricle of the heart after the infant is separated from the placenta.2 The left 269 

ventricle of a preterm myocardium has limited ability to respond to such an increase in afterload, and 270 
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this can result in cardiac dysfunction and hemodynamic deterioration. The severity of IVH increases 271 

with decreasing systemic blood flow as measured by superior vena cava (SVC) flow.3,4 Low SVC flow 272 

over the first 24 hours of life (HOL) is also significantly associated with an increase in death or survival 273 

with any disability in later childhood. Improving perfusion during this critical time period may reduce or 274 

prevent these serious complications in preterm infants. Delayed umbilical cord clamping (DCC) and 275 

umbilical cord milking (UCM) have both been shown to maintain optimal blood pressure and systemic 276 

blood flow as measured by SVC flow, when compared to early cord clamping.5-8 We recently 277 

compared UCM to DCC and demonstrated that infants receiving UCM during Cesarean section (C/S) 278 

had higher SVC flow (PREMOD).9 While our trial was not powered to detect a difference in severe IVH 279 

or death, UCM infants had a lower incidence of severe IVH and death compared to DCC infants.  280 

A recent Neonatal Research Network (NRN) trial compared the neurodevelopmental outcomes 281 

at 18 to 22 months in extremely preterm survivors and found no difference in outcomes between mild 282 

IVH (Grade 1 and 2) and no IVH (Cerebral Palsy 8 vs 9%, Cognitive Impairment 27 vs. 30 percent, 283 

p=0.92 and 0.75, respectively).10 Those with severe IVH (grade 3 and 4) had significantly greater 284 

incidence of cerebral palsy (28%) and NDI (46%), p<0.05. Bolisetty et al found that even mild IVH may 285 

contribute to increased neurodevelopmental impairment (NDI) in extremely premature infants,11 but 286 

Calisici found no such effect.12 Despite uncertainty about the long-term outcomes of premature 287 

newborns with low grade IVH, there is a clear need to prevent severe IVH. Reducing the incidence 288 

of severe IVH will have a significant impact on reducing NDI, thus enhancing quality of life. 289 

The inability to reduce the incidence of severe IVH during DCC may reflect an inadequate 290 

placental transfusion for premature newborns delivered by C/S.13-15 Aladangady et al reported lower 291 

circulating red cell volume with DCC in neonates delivered by C/S compared with vaginal delivery 292 

(V/D).15 They also found that blood volume improved as duration increased up to 60 seconds in infants 293 

with V/D but not C/S delivery. Strauss et al found C/S delivered newborns who received DCC for 60 294 

seconds had decreased red cell volume compared to V/D infants.13 McDonnell et al failed to show any 295 

difference in hemoglobin levels with a 30-second DCC in those delivered by C/S.14 It is important to 296 

note that all of these trials comparing DCC to immediate cord clamping after C-section 297 

suggested minimal to no transfusion occurred. The American College of Obstetricians and 298 

Gynecologists (ACOG) acknowledges the need for more research regarding the method for a cord 299 

blood transfusion in newborns delivered by C/S.16 Given the C/S rate of up to 75% for very premature 300 

newborns,17 it is critical that we determine the optimal method for an adequate placental transfusion 301 

during C/S.  302 

UCM vs. DCC in Premature Newborns. Our PREMOD pilot trial demonstrated that UCM at C/S 303 

improved blood flow and organ perfusion by providing a greater placental transfusion, as measured by 304 
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improved SVC  flow (by echocardiography) and higher admission hemoglobin compared to DCC.9 This 305 

is the first trial to suggest that UCM may be superior to DCC in premature newborns delivered by C/S. 306 

Despite these results and a recent meta-analysis demonstrating a reduction in IVH in premature 307 

newborns with UCM,18 it has not yet been recommended by any organization for infants of any 308 

gestation because of a cited lack of sufficient evidence.16,19-22 A recent survey done of perinatologists 309 

revealed that up to 50 percent perform cord milking in premature newborns (Faksh et al, unpublished). 310 

In addition, several centers continue to use cord milking as their exclusive standard of care based on 311 

reduction in morbidities such as death and IVH after implementation of cord milking.23,24 Thus, there is 312 

an urgent need for Class I evidence comparing DCC and UCM which includes long-term follow-up. If 313 

either of these simple, no-cost interventions provide a superior placental transfusion or improve 314 

neonatal outcomes then a large impact on the burden of disability may be realized.  If UCM is found 315 

to be non-inferior or superior, it will be preferred due to the lack of delay in resuscitation. 316 

DCC in Premature Newborns. ILCOR and other organizations recommend a 30-60 second 317 

delay in cord clamping during preterm birth.19,25 Several randomized controlled trials, cohort studies,26 318 

and meta-analyses have been published on DCC in premature newborns.13-15,27-38 Although DCC 319 

decreases the overall incidence of IVH, enthusiasm for DCC is tempered by the lack of benefit for 320 

severe IVH and/or death in addition to the small numbers of newborns included in these trials and 321 

concerns about reporting bias.39 Recently, the largest DCC trial (n=208) did not show any difference in 322 

severe IVH.40 The lack of benefit could also reflect the inadequate placental transfusion during DCC 323 

for newborns delivered by C/S. Three trials of DCC vs. immediate cord clamping (ICC) stratified by 324 

mode of delivery found no difference in hematocrit levels or tagged red blood cells in newborns 325 

delivered by C/S.9,41,42 ACOG acknowledges that there are limited data indicating whether DCC 326 

performed during C/S can improve placental transfusion.43 Various trials have had significant protocol 327 

violations, with 14-22 percent of newborns randomized to DCC actually receiving ICC.9,40 Two trials 328 

attempted to compensate for this by using cord milking as an alternative method when DCC could not 329 

be performed.5,8 In a recently published trial DCC was combined with a one-time milking of the 330 

umbilical cord.40 Our team demonstrated the ability to minimize protocol violations (<5 percent) in 331 

our most recently completed trial of delayed cord clamping (Neonatal Resuscitation with Intact Cord 332 

(NRIC), n=150). Therefore, we are confident our proposed trial will address and reduce protocol 333 

violations by a number of previously adopted mechanisms, including video recordings and certification 334 

of obstetrical site investigators. The true effect of DCC will not be realized until a definitive trial of UCM 335 

compared to DCC is performed with sufficient power to determine the benefit for infants born by C/S 336 

and to account for contamination and protocol violations using intention to treat and per protocol 337 

analyses.  338 
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Importance of Breathing. Animal studies and one epidemiological study suggest cord clamping 339 

should not occur until the newborn is breathing.44,45 Breathing in premature newborns can be 340 

established with either positive pressure ventilation or gentle stimulation during DCC. In our feasibility 341 

trial (NRIC) newborns were randomized to receive DCC with stimulation or ventilation.  We found no 342 

difference between the provision of early continuous positive airway pressure (CPAP), positive 343 

pressure ventilation (PPV), or gentile tactile stimulation (rubbing the back) during DCC of 60 seconds. 344 

However, the median [IQR] time to establish breathing was 16 [10,30] and 19 [7,35] seconds in each 345 

arm, with over 90 percent of infants establishing breathing prior to cord clamping. These results 346 

suggest that the provision of gentle tactile stimulation during DCC may hasten the establishment of 347 

spontaneous respirations and provide a similar placental transfusion compared to CPAP with PPV 348 

during DCC.  The advantage of this approach (stimulation) is that it can be done by a single person 349 

(often the obstetrician) without the need of respiratory equipment or a neonatal provider. We will 350 

require that stimulation with DCC is performed to ensure that infants are breathing before the cord is 351 

clamped. 352 

A.4 UCM in Premature Newborns. In UCM the unclamped umbilical cord is grasped and blood 353 

is pushed toward the infant 4 times before it is 354 

clamped. This procedure infuses blood into the 355 

preterm neonate and can be done in 20 seconds, 356 

equivalent to the time it takes for ICC.7 We have 357 

shown in our PREMOD pilot study that UCM yields 358 

increased systemic blood flow compared to DCC in 359 

premature newborns delivered by C/S.9 A recent 360 

meta-analyses of seven randomized controlled UCM 361 

trials in premature newborns delivered at <33 weeks 362 

demonstrated that neonates who undergo UCM have higher hemoglobin (Hb) and lower risk for 363 

chronic lung disease and IVH of all grades compared with those who undergo ICC.18 Despite several 364 

meta-analyses on DCC and UCM, the trials and number of events are small. The difference may 365 

be exaggerated due to a possible Type 1 error.  366 

Critics of UCM cite that the cord clamping would occur before the establishment of respirations 367 

and pulmonary blood flow.2 However, this may not be correct. UCM improves the pulmonary blood 368 

flow immediately at birth and the onset of respirations. (Figure 1) This has been shown with 369 

recordings of electrocardiographic changes; newborns who had cord milking had a longer P wave, PR 370 

and QTC interval when compared with those who had early clamping of the cord.46 Jaykka et al 371 

demonstrated that the alveolar patency occurs in response to the filling of the surrounding capillaries, 372 

Figure   1
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which may accelerate onset of respiration.47 This could explain why UCM may enhance earlier onset 373 

of breathing compared to DCC. In our pilot study there were more infants breathing by the time the 374 

cord was clamped with milking compared to a 45 second DCC (74 vs. 53 percent).9 Our prior work has 375 

demonstrated that UCM increased heart rate and oxygen saturation within the first 5 minutes of birth 376 

suggesting optimal transition compared to ICC.7 UCM decreases the number of days on oxygen 377 

therapy and reduced chronic lung disease which may be related to enhanced pulmonary blood flow at 378 

birth. Current published guidelines regarding the management at delivery of premature newborns only 379 

recommend DCC if “the infant does not require resuscitation.” But, it is these unstable newborns who 380 

are at the highest risk of severe IVH and death.48,49  Cord milking may offer an advantage over 381 

DCC in newborns that are deemed too unstable to wait the 30-60 seconds required for DCC. 382 

UCM can be performed in any low-resource setting and provides adequate placental transfusion to the 383 

premature newborn without delay. 384 

We need to establish the safety and efficacy UCM. A pragmatic approach for two similar, but 385 

inadequately tested interventions would be to first demonstrate substantial equivalence or non-386 

inferiority. Our pilot study provides evidence of superiority. However, a small variation of 4 vs. 6 387 

percent in our primary outcome of death or severe IVH could have significant effects on our estimated 388 

sample size and/or our estimated rates from the pilot trial. If UCM is shown to be non-inferior to DCC, 389 

it will provide evidence to support a change in guidelines which make UCM on par with DCC, 390 

with the additional benefit of providing placental transfusion to infants who need resuscitation. 391 

The primary objective for this study is to demonstrate infants in the UCM group are not 392 

inferior to the Delayed Cord Clamping (DCC) group with regard to severe IVH and/or death.  It is 393 

critical that we employ accurate, delivery specific techniques to provide an adequate placental 394 

transfusion for the premature newborn. DCC at C/S may result in a failure to increase blood volume 395 

resulting in widespread under-perfusion to the organs, especially the brain, of the newly born preterm 396 

infant.29 If we establish the short and long-term benefits of UCM in a definitive large randomized trial, 397 

we will provide solid evidence to recommend the use of cord milking at the delivery of premature 398 

newborns; potentially resulting in significantly decreased long-term morbidity and costs for this 399 

vulnerable population. This evidence has been called for by national and international organizations 400 

(ILCOR25, WHO19, SOGC22, EAPM21, AAP50) regarding umbilical cord management in regards to 401 

milking and the need for resuscitation at birth.  402 

NIRS Sub-Study. Early hemodynamic effects (within 3 hours of life) of DCC compared to UCM 403 

are still unknown. Four sites experienced in the use of NIRS and who have appropriate data collection 404 

equipment in the delivery room (Alberta, Ulm, Cork and San Diego) will obtain and report the 405 

physiological changes with UCM and DCC from birth until 24 hours of life. This data will yield the 406 
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largest available sample of continuously recorded heart rate, cerebral tissue oxygenation, peripheral 407 

oxygen saturation, airway pressure, and administered FiO2 to delineate the short term responses to 408 

two methods of placental transfusion.  While there are published data on cerebral oxygenation directly 409 

comparing UCM with DCC, some studies have demonstrated increases in cerebral oxygenation at 4 410 

hours of age with DCC,51 and a decrease in cerebral oxygenation at birth with DCC compared to 411 

immediate cord clamping.52 In our initial trial we demonstrated increased blood pressure from 3-15 412 

HOL with UCM compared to DCC in premature newborns <32 weeks, but did not show any 413 

differences in cerebral oxygenation.9 414 

Methodology 415 

Ethics 416 

This multi-center randomized clinical trial will be reviewed and approved by the appropriate 417 

Research Ethics Committee/IRB at all participating sites. Sites that can, will obtain a waiver for 418 

deferred consent (see parental consent paragraph for details). In circumstances when antenatal 419 

consent was not obtained, sites will explain the cord management procedure performed at delivery, 420 

and request permission to continue monitoring and use information collected for the study. 421 

 422 

Inclusion Criteria 423 

• Infants delivered at  230  - 316 weeks GA based on ultrasound of the fetus up to 136 weeks of 424 

gestation, if assisted reproductive technology (ART) resulted in the pregnancy, the ART 425 

derived date, if neither then the best obstetric estimate at the time of delivery). 426 

• Infants without known major congenital malformations prior to delivery 427 

• Multiples (unless monochorionic) will be randomized to same group 428 

 429 
Exclusion Criteria 430 

• Congenital anomalies of newborn 431 

• Cardiac defects other than small VSD and PDA 432 

• Maternal HIV, Hepatitis B and C 433 

• Placenta abruption or previa with active bleeding, cutting through the placenta 434 

            Note: Partial abruptions are not excluded  435 

• Cord prolapse 436 

•  Hydrops  437 

•  Bleeding Accreta 438 

• Monochorionic twins (Di/Mo or Mo/Mo) 439 

• Fetal risk or maternal risk for severe compromise at delivery identified by obstetrician or 440 

neonatologist   441 
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• Families unlikely to return for neurodevelopmental testing at 24 months 442 

Patient discontinuation and withdrawal 443 

The participant’s parents are free to withdraw the participant from the trial entirely at any time, 444 

and this will not have any consequences for the participant’s further treatment. When possible, the 445 

parents will be asked if they will allow their child to participate in the remaining follow-up assessments, 446 

and allow already collected data to be used in a database, a registry, and/or a publication.  447 

The attending clinician can withdraw the participant from the trial at any time. The reasons will 448 

be documented. There are no pre-specified criteria for discontinuation of participants from trial. The 449 

discontinuation of participants in the trial will not result in replacement with new participants. 450 

Sample Size and Power calculation 451 

  Our initial pilot study of 154 newborns delivered by C/S was recently completed to determine 452 

the feasibility and efficacy of this study and revealed a 6 percent difference in the combined outcomes 453 

of severe IVH/death between newborns treated with UCM and DCC (4.1 vs. 10.1 percent, 454 

respectively). The pilot study was mainly conducted at SMBHWN. However, since severe IVH rates 455 

and death may vary from center to center, we compared our data to the most recent Vermont Oxford 456 

Network (VON) data (over 900 NICUs). For 2015, our center had a severe IVH or death rate of 16 457 

percent, close to the 50th percentile for the VON network. However, this includes very high risk-babies 458 

who would have been excluded from our trial (e.g., di-amniotic monochorionic twins, placental 459 

abruptions, hydrops, and congenital anomalies which have a higher IVH/mortality risk. This likely 460 

explains why our Phase 1 pilot PREMOD study had a lower composite number of severe IVH and/or 461 

death (10.1 percent vs. 4.1 percent, DCC and UCM respectively). We anticipate UCM and DCC  462 

subjects in this trial would have a similar incidence of this outcome. 463 

   The sample size for non-inferiority testing for infants born by C/S in each group is 502 (overall 464 

sample 1500), a two-group large-sample normal approximation test of proportions with a one-sided 465 

0.05 significance level will have 90% power to reject the null hypothesis that the UCM is inferior to 466 

DCC (the difference in proportions, pUCM – pDCC, is 0.01 or higher, a 1% non-inferiority margin) in 467 

favor of the alternative hypothesis that the proportions in the two groups are not inferior, assuming that 468 

the expected difference in proportions is -0.04 and the proportion in the DCC group is 0.10. (Note 469 

using 0.101 yields 485, so we round the proportion difference down to be conservative). 470 

  Further, to show our sample size for C/S is adequate we examined the power to detect the 471 

difference between 0.10 for the DCC group and 0.04 for the UCM arm with 502 newborns per group. A 472 

two group Chi square test with a 0.05 one-sided significance level will have 98% power to detect the 473 

difference between the DCC group proportion, p1, of 0.10 and the UCM group proportion, p2, of 0.04 474 

(odds ratio of 0.375) when the sample size in each group is 502 and 75% power to show superiority, if 475 
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the rate is 0.06. Both non-inferiority and superiority will use the same sample and will have the ability 476 

to test two hypotheses in a systematic manner for each aim. 477 

Randomization, Stratification and Allocation Concealment 478 

Pregnant women who are dated by their earliest ultrasound or last menstrual period at <32 479 

weeks gestation will be identified and recruited from the labor and delivery floor or perinatal special 480 

care unit at each site. Parents will be approached and consented prior to delivery when possible. At 481 

sites that have IRB approval for waiver/deferred consent in situations where antenatal consent cannot 482 

be obtained (i.e., imminent delivery), the caregivers will be approached after delivery to use the data 483 

collected, ensuring all subjects receive some form of placental transfusion at birth. Prior to delivery, 484 

the research staff or neonatal delivery team will open the randomization envelope for the proper GA 485 

group. Subjects will be stratified by gestational age and mode of delivery (230-276 or 280-316 weeks) to 486 

ensure an approximately equal number of infants born at <28 weeks gestation are in each arm. 487 

Multiples will be randomized to the same treatment group for ease of consent and family 488 

considerations.  There is no crossover allowed between UCM and DCC groups, subjects should 489 

receive their randomized treatment.  If the physician abandons the procedure for the safety of the 490 

mother or infant, they should receive only immediate cord clamping i.e. do not milk the cord if 491 

randomized to DCC. 492 

Blinding/Bias 493 

All potentially eligible newborns between 230 to 316 weeks GA in-utero will be screened and 494 

logged in order to detect possible selection bias. Randomization will be concealed, preventing 495 

allocation bias. It is impossible to blind either caregivers or parents to the assigned treatment arm. 496 

Documentation of the intervention will not be in the delivery summary portion of the medical record 497 

(i.e. noted as placental transfusion rather than DCC or UCM). In addition all outcome assessments, 498 

whether for primary outcome (interpretation of head ultrasounds) or secondary outcome 499 

(neurodevelopmental exams), will be performed by blinded team members. Ascertainment of severe 500 

IVH will be performed by board certified pediatric radiologists who are blinded to treatment arm. 501 

Description of general interventions 502 

Delayed Cord Clamping - DCC will be performed at C/S by the obstetric team by having the 503 

delivering obstetrician hold the infant below the level of the C/S incision for at least 60 seconds in 504 

warm, sterile towels.  Infant may be dried and given gentle tactile stimulation to promote respiratory 505 

effort.   506 

For V/D the delivering obstetrician will hold the infant below the level of the introitus for at least 507 

60 seconds in warm sterile towels and gently stimulated if not breathing. 508 

Umbilical Cord Milking - UCM will be performed by having the delivering obstetrician hold the 509 

infant below the level of the C/S incision (or below the level of the introitus for V/D) and milk about 20 510 
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cm of umbilical cord over two seconds, repeating three additional times. This will take about 15 511 

seconds to complete before the obstetrician clamps the umbilical cord.  For C/S delivery, the assisting 512 

obstetrician may need to assist by either holding the infant or performing the milking of the cord.   513 

Resuscitation 514 

Newborns will be resuscitated according to the local unit’s protocol. 515 

NIRS Sub-study (Appendix 3) 516 

This will include a subset of 400 subjects less than 28 weeks gestational age, enrolled in the 517 

primary trial.  Four experienced and instrument compatible sites (Alberta, Ulm, Cork and San Diego) 518 

will obtain and report the physiological changes with UCM and DCC from birth until 24 HOL. Once the 519 

newborn has been delivered, received the intervention (UCM or DCC), and been placed on the 520 

resuscitation bed, ECG electrodes, a NIRS sensor [Fore-Sight, (CAS Medical, Branford, CT). and a 521 

pulse oximeter will be placed within 60 seconds. While arterial saturation and heart rate data will be 522 

available to the clinical team, data from NIRS will be blinded. Data on all sub-study infants will be 523 

recorded for at least the first 10 minutes in the delivery room, and then for 24 hours in the NICU. Heart 524 

rate, oxygen saturations, and cerebral oxygenation, will be downloaded as per each site’s practice for 525 

neonatal resuscitation. Sharp has used NIRS in the delivery room and operating room for the past 2 526 

years, and the other three sites have been performing this procedure for the past 3 (Edmonton), 10 527 

(Ulm), and 5 (Cork) years. Groups will be stratified by site and NIRS device in analysis and the site 528 

factor examined.  529 

Outcome measures 530 

Primary outcome 531 

Severe IVH or death   532 

Secondary outcomes 533 

 Incidence of death or neurodevelopmental impairment at 22-26 months corrected 534 

gestational age 535 

 Death prior to discharge 536 

 All grade IVH 537 

 Severe IVH (grade 3 or 4) 538 

 Incidence of severe IVH or death in infants <28 weeks gestation 539 

 Hemoglobin/Hematocrit at 4 hours of life (infant) 540 

 Cerebral StO2 in the first 10 minutes of life (Sub-study, Appendix 3) 541 

 Cerebral StO2 in the first 24 hours of life (Sub-study, Appendix 3) 542 

 Other exploratory and safety secondary outcomes are listed in Appendix 1 543 
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Compliance with the Protocol 544 

The clinical investigation will be conducted in compliance with this protocol. Modifications to 545 

the protocol will not be implemented before agreement from the sponsor and relevant ethics 546 

committee approvals are obtained. 547 

Investigators are not allowed to deviate from the protocol. Any serious or safety related 548 

deviation will be recorded, summarized and monitored. 549 

Data collection 550 

Infants will be recruited over a period of 36 months or until the requisite sample size is 551 

achieved, whichever is earlier. Approximately another six months will be required to collect hospital 552 

data on all infants enrolled. Resuscitation data will be documented on the randomization card at the 553 

time of delivery. Other medical data on each infant will be collected on an electronic Case Report 554 

Forms (eCRF). The eCRF will be designed in collaboration with University of Alabama, Birmingham. 555 

Upon enrollment, initial subject randomization allocation and GA should be entered into the electronic 556 

database within 72 hours. Trial completion data will be entered from each site within one week after 557 

discharge or death of an infant. All information entered into this database will be used for analysis. 558 

Data Security  559 

Access to direct identifiers will be limited to local clinic staff who meet all relevant training 560 

requirements and are assigned to (or support) this project, and who must have access to these 561 

identifiers for purposes of quality control and monitoring.  All investigators, statisticians, and staff will 562 

have completed the Human Subjects Protection training.  All data with identifiers will be stored on 563 

firewall-protected secure servers. 564 

Data analysis 565 

All aspects of data management and analyses will be the responsibility of the Data 566 

Coordinating Center (DCoC) at UAB working closely with the PREMOD2 Steering Committee as they 567 

have in numerous trials. The DCoC is comprised of three parts: Biostatistics, Data Management and 568 

Information Systems. Together, the DCoC provides statistical collaboration, data management, and 569 

information technology support for the development and conduct of clinical trials.  The DCoC will 570 

provide data management and and biostatistical support including centralized randomization, data 571 

monitoring and quality control, interim analyses and statistical monitoring, and publication support. 572 

Data Management will include case report form design, management and entry, data quality 573 

assurance, and reporting. Information Systems will include database design, web based data entry 574 

and system support including the randomization system. 575 

 576 
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 577 

Primary Analysis 578 

The primary endpoint to be used for efficacy evaluation is the rate of severe IVH (grade 3 or 4) 579 

and/or death. The primary hypothesis to be tested is whether the UCM group results in a non-inferior 580 

event rate compared to the DCC group. The non-inferiority margin is set at 1% (0.01).  Although a 581 

proportion’s test is used for sample size calculations, rates will be compared using logistic regression, 582 

which will allow for control of covariates, as well as investigation of effect modification. Potential 583 

covariates include gender, gestational age, maternal corticosteroid use, chorioamnionitis, 584 

preeclampsia, and small for gestational age.40,53-55 A formal statistical analysis plan will be written prior 585 

to database lock.  Differential consent practices at sites (antenatal vs. postnatal) may also skew 586 

subject acuity/gestation or maternal complications. Clinical site will be used as a stratifying factor to 587 

control for any confounding by site through residual, site-level treatment imbalance. Standard 588 

regression diagnostics will be used to assess model adequacy and to examine for potential outlying or 589 

influential data points. Since in a non-inferiority trial an intention to treat analysis biases away from the 590 

null, in the per protocol analysis, the covariate of the ordinal scale of the quality of the manipulation for 591 

UCM or DCC will be included.  If non-inferiority is established by rejecting that the outcome event rate 592 

is worse by 1% or more in the UCM group, then superiority will be tested at the 5% level following FDA 593 

guidelines.  For all superiority testing, the intention to treat analysis will be utilized with a per protocol 594 

analysis as a sensitivity analysis.  595 

Prior studies offer no basis for assuming a priori interactions between treatment groups, strata 596 

and subgroups defined by sex, race/ethnicity, gestational age, site or a combination of these groups, 597 

beyond that already controlled for in the randomization. For that reason, preplanned tests for 598 

interactions with treatment assignment are not warranted, and are not powered for with the sample 599 

size. We propose to table all results by subgroups for descriptive purposes and to explore in 600 

secondary analyses possible subgroup differences by treatment group, solely for purposes of 601 

establishing consistency and/or generating hypotheses for future studies. 602 

 603 

Secondary Analysis 604 

Secondary outcomes will be analyzed using similar procedures to the primary outcome. 605 

Comparisons between treatment groups will use logistic regression (dichotomous outcomes), linear 606 

regression (continuous outcomes), or survival analysis (survival time outcomes, such as time to 607 

discharge, etc.), as appropriate. Differential practices at sites (criteria for phototherapy or blood 608 

transfusions) may also skew these secondary outcomes. Therefore, the clinical site will be used as a 609 

stratifying factor to control for any confounding by site through residual, site-level treatment imbalance. 610 

Neurodevelopmental follow-up results will be assessed using ANCOVA models with covariates used 611 
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for analyses of the primary outcome. BSID-III scaled and composite cognitive, language and motor 612 

scores will be compared.     613 

Assessment of safety  614 

The study will be closely monitored for issues of data quality, study conduct, adherence to the 615 

prescribed recruitment and treatment procedures, data quality, and adverse events. These analyses 616 

will be presented to the DSMB. Interim analyses as determined by the DSMB, will seek to identify 617 

results that are sufficiently extreme and precise to offset the goal of obtaining additional data that 618 

might lead to more precise results, as well as information about differences in treatment effect by 619 

subgroups of patients.56  Determinations on stopping must reflect ethical considerations of the impact 620 

of interim results on clinical equipoise as well as considerations on the potential impact (or lack of 621 

impact) of interim results on clinical practice.(98) As a non-inferiority trial, early termination would likely 622 

be the result of unexpected safety concerns and not efficacy.  The superiority must be tested in the 623 

context of this non-inferiority hypothesis first and then superiority assessed, unless the DSMB is 624 

ethically motivated to stop the trial for superiority, which we do not anticipate. 625 

Early stopping based on inferior safety must be based largely on descriptive data and close 626 

examination of adverse events. Given the projected number of subjects, early stopping is unlikely 627 

unless the observed effect of UCM is substantially worse than DCC or there are unexpected adverse 628 

results potentially seen. We recognize an adaptive design has some attractive features to 629 

incrementally enhance the power to obtain a result, but a concern was an increased budget if a 630 

greater sample size is needed. Our goal was to conduct an adequately powered trial without inflating 631 

our budget. Since we already had to seek and secure additional funds outside of NIH to make this 632 

study feasible, this design was not an option given the budget constraints.   633 

While it is true that the sample size re-estimation could lead to a smaller sample size, it is 634 

generally unlikely given our non-inferiority approach and assumptions. Our DSMB will be evaluating 635 

the trial at multiple time points.  If a smaller sample size would be necessary, this will likely result in a 636 

larger difference and they could recommend stopping the trial for efficacy (or safety) should there be 637 

such a substantial difference in actual event rate of our primary outcome.  If the efficacy or safety is 638 

not overwhelming, then not terminating early has benefits in assessments of other outcomes and it 639 

would be preferable not to stop early.   640 

 641 

Adverse and Serious Adverse Events  642 

Expected Adverse Events – captured in data collection Appendix 1 and reported in DSMB analyses 643 

The following listed adverse events are expected and will be recorded in the electronic database 644 

(DCoC). The DCoC will track and report all adverse events and report to the DSMB every 3 months. 645 



PREMOD2          Protocol version 1.4 

23 

The DSMB will report to the Investigators regarding the risks of the study. Safety reports will be 646 

provided to all sites for reporting to their local IRBs. 647 

1. IVH grade 1-2 648 

2. Polycythemia, Hct > 65% in first 7 days of life (not requiring treatment) 649 

3. PVL 650 

4. Sepsis (early and late onset) 651 

5. CLD 652 

6. NEC (stage > 2) 653 

7. Spontaneous Intestinal Perforation 654 

8. PDA requiring treatment 655 

9. ROP (retinopathy of prematurity) 656 

 657 

Serious Events 658 

1. The following SAEs will be reported within 72 hours of discovery of the event to UAB DCoC 659 

via  fax or email.  DCoC will forward all such events to DSMB and PI.  660 

 Death (maternal or neonatal) 661 
 Severe IVH – grades III, IV 662 
 Compressions and/or Epinephrine in Delivery Room 663 
 Polycythemia requiring exchange transfusion (Hct >65% in first 7 days of life) 664 
 Hyperbilirubinemia requiring exchange transfusion (during first 7 days of life) 665 

 666 
2. Any Serious Unexpected Problem will be reported within 72 hours of discovery to UAB DCoC.  667 

DCoC will forward such events to DSMB and PI. 668 

 669 
Not Serious Unexpected Event  670 
 671 
       Unexpected events that are Not Serious will be reported not more than 14 days after the PI first 672 

learns of the event.  DCoC will forward all non-serious unexpected events to the DSMB and PI.  673 

 674 
Protocol Deviations 675 

Deviations will be entered on the Deviation Report Form in the eDES system as they are identified. 676 

Deviations include:  a) patient did not receive correct randomized treatment,  b) 4 hour H&H labs not 677 

performed between 2-6 hours of life,  c) Other, specify.   See Manual of Operations for Deviation Form 678 

completion. 679 

 680 

Data and Safety Monitoring Board 681 

A DSMB will be established to: 1) protect all study patients, 2) safeguard the interests of all 682 

study patients, 3) monitor the overall conduct of the trial, 4) advise the investigators in order to protect 683 

the integrity of the trial, and 5) supervise the conduct and analysis of all interim analyses. To this end 684 
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the DSMB will receive regular reports from the trial on any injuries or adverse events, any 685 

developments that jeopardize the continued success of the trial, and data by which to accomplish the 686 

evaluation of pre-determined early stopping rules. The DCoC will inform the DSMB of all expected and 687 

unexpected adverse events; recruitment will be sent monthly, demographics will be included with the 688 

interim and final safety and efficacy analyses. Interim analyses will be conducted by the DSMB and 689 

the project statisticians, independently from the trial leadership and staff. 690 

We have appointed a six member DSMB to work closely with the NICHD using NIH operating 691 

rules. This committee will serve as an independent advisory group to the trial and ultimately to NIH via 692 

the Project Officer and the Director of the NICHD and is required to provide recommendations about 693 

starting, continuing, and stopping the study. There are no conflicts of interest with these individuals, 694 

who are not research collaborators of, and are at separate institutions from the applicants. It will be the 695 

responsibility of the trial investigators to notify the IRB or IRBs involved of any issues that are relative 696 

to patient safety or to early stopping of the study. The electronic data entry system will automatically 697 

notify all appropriate individuals once an SAE is entered into the eDES.  The PREMOD2 Steering 698 

Committee will discuss with the DSMB how frequently to review sites at the start-up phase to ensure 699 

safety, consent, and enrollment. The DSMB will meet at least every 6 months during the active trial 700 

period. 701 

Suspension or premature termination of the clinical investigation  702 

 Early stopping based on inferior safety and/or inferior efficacy (futility) must be based largely 703 

on descriptive data and close examination of adverse events. With 500 subjects per group at a second 704 

early stopping review (n=1000), and assuming that the UCM Group is actually no worse than DCC, 705 

observed risk in the experimental group would have to be at most 0.5 (risk of death and IVH) to have 706 

80% power to show non- inferior efficacy (with α = 0.012). To justify stopping for non-inferior efficacy 707 

and superior safety again will require a substantial observed improvement in the experimental arm at 708 

the second early stopping time.  Additional analyses will be presented to the DSMB to ensure 709 

consistency over and above an appropriate p-value for termination. In summary, given the projected 710 

number of patients to be enrolled, early stopping will be unlikely unless the observed effect of UCM is 711 

substantially worse than DCC at the planned early stopping assessment times. 712 

Ethical Considerations   713 

The PREMOD2 trial will be conducted in compliance with the guidelines of the Declaration of 714 

Helsinki in its latest form, the International Conference on Harmonization of Good Clinical Practice 715 

Guidelines. In case of modifications in the study protocol that are not merely of a formal nature but 716 

contain changes pertinent to the study participants, a renewed vote of the ethics committee will be 717 

obtained. If applicable, the patients (parents) will be informed in the patient information and consent 718 
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form about changes in the terms and conditions of the trial. The trial will only start the randomization of 719 

participants after approvals from the relevant ethics committees have been received. 720 

 721 

Parental consent/waiver 722 

Pregnant women who are dated by their earliest ultrasound or last menstrual period at <32 723 

weeks gestation will be identified and recruited from the labor and delivery floor or perinatal special 724 

care unit at each site. Parents will be approached and consented prior to delivery when possible. 725 

However, obtaining antenatal informed consent for a delivery room study is not always feasible. Our 726 

group demonstrated that antenatal consent excludes many of the sickest newborns because they are 727 

delivered emergently and therefore parents are unavailable for antenatal consent.57,58  UCM and DCC 728 

are both considered standard practices at our hospital and are left to obstetrician preference. In the 729 

first PREMOD study, the local IRB determined that the trial met minimal risk requirements. When 730 

possible, antenatal consent was obtained. In situations where antenatal consent could not be obtained 731 

(i.e., imminent delivery) consent was obtained after delivery to use the data collected, ensuring all 732 

subjects received some form of placental transfusion at birth. 733 

In a one year follow up survey of the PREMOD study, parents did not express any concerns about the 734 

intervention being done prior to obtaining consent. One family refused to have any data collected but 735 

had no issue with their child receiving UCM. Our results are similar to a recent publication from Ayers 736 

et al describing parental attitudes about participating in a cord trial identical to our PREMOD study 737 

(UCM vs. DCC). In our experience, deferred consent allows the provider and/or research staff to 738 

carefully review the study intervention and data collected with the parents after the initial anxiety of 739 

preterm delivery has decreased. We believe this is the correct approach for this trial. Our IRB Chairs 740 

have indicated that a large multicenter trial using similar interventions would be considered for 741 

deferred consent. We do not anticipate all centers will be approved for deferred consent. These 742 

centers will seek consent when mothers are admitted to the hospital with a potential for preterm 743 

delivery in the GA range. We are aware of the notice of proposed rulemaking from the Office of 744 

Human Research Protection requiring the use of a single central IRB for multicenter trials in the United 745 

States and that this may affect our ability to obtain deferred consent at individual sites. 746 

 747 
Data management   748 

Data handling and archiving 749 
 750 
Each site will be responsible for maintaining adequate and accurate source documents that support 751 

pertinent study data for each subject.  Medical information from the participants medical record (paper 752 

or electronic), delivery room recordings, and study specific case report forms (CRF) will serve as 753 

source documents and entered into the eDES.  A web-based eDES will be designed by the Data 754 
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Coordinating Center (DCoC) at UAB. Data entry into the central database and handling of medical 755 

records is the responsibility of the investigators.  756 

After data have been entered into the study database, a system of computerized data 757 

validation checks will be implemented and applied to the database on a regular basis.  Queries will be 758 

entered, tracked and resolved through the electronic data capture system directly.  The study 759 

database will be updated in accordance with the resolved queries.  All changes to the study database 760 

will be documented. After the establishment of a ’clean file’, the database will be locked; data will be 761 

stored for statistical analysis at the DCoC at UAB.  The trial database will hereafter be kept according 762 

to the respective national laws. After end of trial, the data will be archived for 25 years according to 763 

good clinical practice guideline.  764 

Trial timeframe  765 

Trial stages Timeframe  

Protocol development 2015- November 2016 

Protocol finalized  December 2016 

Site determination December 2016, Investigator Meeting 

Sites submit IRB application December 2016 – January 2017 

Finalize contracts and payment methods January-March 2017 

Recruitment phase April 2017- April 2020 

Assessment phase Primary outcome May 2020 

Analysis 2020 for primary outcome, 2022 for 
neurodevelopmental outcomes 

Publication 2020 on primary outcome, 2022 for 
neurodevelopmental follow-up 

Publication plan  766 

The trial will be registered on ClinicalTrial.gov prior to the randomization of the first participant. 767 

Attempts will be sought to publish protocol, all results, positive, neutral, as well as negative, in a peer-768 

reviewed international journals. Authorship will be determined according to the International 769 

Committee of Medical Journal Editors. Attempts will be made to publish a list of all investigators with 770 

their contributions in all publications.   771 

Statements of compliance  772 

The clinical investigation will be conducted in accordance with the ethical principles that have 773 

their origin in the Declaration of Helsinki.  774 

The clinical investigation will comply with the relevant national regulations of each participating 775 

medical center, and will not begin until required approvals from ethical committees have been 776 
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obtained. Additional requirements imposed by the ethical committees will be followed. The clinical 777 

investigation will be conducted in accordance with this protocol.  778 
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Appendix 1 915 
DATA COLLECTED FROM INFANTS AND 916 
MOTHERS 917 
Clinical Data collected from all enrolled mothers: 918 
1. Age 919 
2. Race/Ethnicity 920 
3. Antenatal Steroids (yes/no) (include partial 921 

course) 922 
4. Antenatal Magnesium (yes/no) 923 
5. Diabetes (gestational, Type 1 or 2) (yes/no) 924 
6. Chorioamnionitis (yes/no) 925 
7. Hypertension/Pre-eclampsia (yes/no) 926 
8. Rupture of Membranes (hours) 927 
9. Labor prior to delivery (yes/no) 928 
10. Pitocin prior to delivery (yes/no) 929 
11. Pitocin prior to cord clamping (yes/no) 930 
12. Postnatal uterotonic administration: Methergine, 931 

Cytotec, Hemabate (yes/no) 932 
13. Retained Placenta (yes/no) 933 
14. Indication for Delivery (check all) 934 
15. Presentation (vertex, breech, transverse) 935 
16. Mode of Delivery 936 
17. General Anesthesia (yes/no) 937 
18. Endometritis  (y/n) 938 
19. Placental Weight 939 
20. Need for blood transfusion 940 
21. Maternal Hospitalization/Readmit within 10 days 941 
22. Length of Stay 942 
23. Maternal Death 943 
Clinical Data collected from all enrolled infants: 944 
24. Gestational Age 945 
25. Multiple gestation (yes/no)    946 
26. Gender 947 
27. Birthweight (grams), length (cm), and head 948 

circumference (cm) 949 
28. APGARS at 1 and 5 minutes 950 
29. Race/Ethnicity 951 
Measured Endpoints and Recorded Outcomes 952 
Specific Aim 1  953 
30. Severe IVH or Death (combined outcome) 954 
Specific Aim 2 (Clinical Outcomes) 955 
Intervention (protocol compliance) 956 
31. Time of cord clamping (seconds) 957 
32. Number of times cord milked 958 
33. Breathing or crying prior to cord clamping? 959 

(yes/no) 960 
Resuscitation Interventions (Toxicity and 961 
Efficacy) 962 
34. Infant’s first temperature in delivery room  963 
35. Maximum inspired oxygen (FiO2) (percentage) 964 
36. DR Interventions: PPV, CPAP, intubation, chest 965 

compressions, medications (Y/N) 966 
37. Intubation (yes/no) (indicate Delivery Room or 967 

NICU) 968 

38. Surfactant (yes/no) (Delivery Room or NICU) 969 
Clinical Outcomes (Toxicity and Efficacy) 970 
39. SGA  (<10%) 971 
40. Admission temperature to NICU 972 
41. Hemoglobin & hematocrit at 4 (+2) hours of life 973 
42. Venous and/or arterial cord gas  (pH+BE) 974 
43. Worst BE on blood gas within 1 hour of life 975 
44. Peak total serum bilirubin (mg/dL) 976 
45. Polycythemia in the first 7 days of life (Hct >65%) 977 
46. Duration of phototherapy days 978 
47. CRIB Score of severity of illness 979 
48. Urine output on day of life 2 (ml/kg/day) 980 
49. Mean arterial BP on admission, 6, 12,18 & 24 hol 981 
50. Use of cardiac inotropes (dopamine, dobutamine, 982 

epinephrine) (yes/no) 983 
51. Use of postnatal steroids (yes/no) (indicate for 984 

blood pressure, extubation or chronic lung 985 
disease) 986 

52. Presence of any intraventricular hemorrhage  987 
(yes/no)   988 

53. Presence of severe intraventricular hemorrhage 989 
(Grade 3 or 4) (yes/no) 990 

54. Presence of PVL, echodense lesions or 991 
ventriculomegaly on any US prior to discharge 992 
(yes/no) 993 

55. Early onset sepsis (positive blood or CSF culture 994 
at < 72 HOL) (yes/no) 995 

56. Late onset sepsis (> 72 HOL)  (yes/no) 996 
57. Chronic lung disease (receiving supplemental O2 997 

at 36 weeks (yes/no) 998 
58. Duration of intubated and mechanical ventilation 999 

(days) 1000 
59. Necrotizing Enterocolitis Bell (Stage ≥ 2) (yes/no) 1001 
60. Spontaneous Intestinal Perforations (yes/no) 1002 
61. Retinopathy stage 3 or greater (yes/no) 1003 
62. Patent Ductus Arteriosus requiring treatment 1004 

(medical and/or ligation) (yes/no) 1005 
63. Need for Blood Transfusion (DOL of 1st 1006 

transfusion and total number) (yes/no) 1007 
64. Hemolytic disease of the Newborn (i.e.Rh, ABO) 1008 
65. Length of hospitalization (total days) 1009 
66. Death (only) 1010 
67. Neurodevelopmental Impairment at 24 months: 1011 

BSIDIII,cerebral palsy, blindness or deafness 1012 
Cerebral and Cardiac Hemodynamic Substudy 1013 
(Toxicity and Efficacy) 1014 
68. Cerebral StO2 by NIRS from birth until 24 hours of 1015 

life 1016 
69. Maximum inspired oxygen (FiO2) during birth 1017 

resuscitation. 1018 
70. Heart Rate from birth until 24 hours of life 1019 
71. Mean blood pressure (at NICU admission) taken 1020 

by either oscillometry (every hour) or indwelling 1021 
arterial line until 24 hours of life 1022 
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72. Oxygen saturation (by oximetry) from birth until 24 1023 
hours of life 1024 

Specific Aim 3 (Comparison of Cesarean Section 1025 
vs Vaginal Deliveries) 1026 
73. Compare all variables from Aim 1, and 2 in 1027 

vaginal deliveries (UCM and DCC) 1028 
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Appendix 2: Staff Delegation and Responsibility Log 029 

Premature Infants Receiving Milking or Delayed Cord Clamping: Randomized Controlled Multicenter Non-Inferiority Trial [PREMOD2] 030 

IRB#________________ Site #_______________  Principal Investigator: ________________________________ 031 
 032 

Staff Name 
Signature 

Title  
(PI, Coord) Role & Responsibilities 

Date 
Started 

Date 
Terminated

PI 
Initials/Date Last, First Initials 
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Appendix 3 1036 

PREMOD2 – NIRS Sub-study 1037 

Background 1038 

Early hemodynamic effects (within 3 hours of life) of Delayed Cord Clamping compared to 1039 

Umbilical Cord Milking are still unknown. Four sites experienced in the use of NIRS and who 1040 

have appropriate data collection equipment in the delivery room (Alberta, Ulm, Cork and San 1041 

Diego) will obtain and report the physiological changes with UCM and DCC from birth until 24 1042 

hours of life. This data will yield the largest available sample of continuously recorded heart rate, 1043 

cerebral tissue oxygenation, peripheral oxygen saturation, airway pressure, and administered 1044 

FiO2 to delineate the short term responses to two methods of placental transfusion.  In our initial 1045 

trial we demonstrated increased blood pressure from 3-15 HOL with UCM compared to DCC in 1046 

premature newborns <32 weeks, but did not show any differences in cerebral oxygenation.  1047 

Hypotheses 1048 

 Infants in the UCM group will have increased cerebral StO2 within the first 10 minutes of 1049 

life compared to infants in the DCC group.  1050 

 Infants in the UCM group will have increased cerebral StO2 in the first 24 hours of life 1051 

compared to infants in the DCC group.  1052 

Methodology 1053 

This sub-study will include 400 infants <28 weeks GA enrolled in the PREMOD2 trial. 1054 

Once the newborn has been delivered, received the intervention (UCM or DCC), and been 1055 

placed on the resuscitation bed, ECG electrodes, a NIRS sensor   and a pulse oximeter will be 1056 

placed within 60 seconds. While arterial saturation and heart rate data will be available to the 1057 

clinical team, data from NIRS will be blinded. Data on all study infants will be recorded for at 1058 

least the first 10 minutes in the delivery room, and then for 24 hours in the NICU. Heart rate, 1059 

oxygen saturations, and cerebral oxygenation, will be downloaded as per each site’s practice for 1060 

neonatal resuscitation.   1061 

Statistics/Power 1062 

A recently completed trial (N=127) by our group demonstrated that premature infants <32 weeks 1063 

that developed severe IVH or early death (first 72 hours) had a NIRS value of 60 +/-6 at 10 1064 

minutes of life. Infants who developed IVH/death were all less than 28 weeks. An ROC curve 1065 

demonstrated that a NIRS average of <66 between 7-10 minutes predicted severe IVH death 1066 

with a sensitivity and specificity of 88 and 86 percent respectively (see figure below, AUC=0.94, 1067 

p<0.001). A sample size of 400 (n=200 in each arm) would be able to detect a conservative 3 1068 

percent difference between groups with a power of 0.86 and an alpha of 0.05. 1069 

 1070 
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Manuscript 1071 

This data will be used to publish the hemodynamic/cerebral effects of cord milking compared to 1072 

delayed cord clamping. This data will also be used to predict which infants are at risk for 1073 

developing severe IVH and early death (first week of life). 1074 

 1075 

 1076 

 1077 

 1078 
  1079 
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Appendix 4 1080 

Here is the summary of changes shown in the boxes below in reverse chronological order. 1081 
  1082 
Version 1.7 May 15, 2018 1083 

I.  This protocol has been updated with additional NCT numbers for the sub-study & FU, 1084 
exclusion for parents who request no resuscitation, a change & clarification of deviation 1085 
reporting, and addition of maternal level of education data which was recommended by the 1086 
DSMB Chair. 1087 
Version 1.6 January 03, 2018   1088 

I.  This protocol amendment addresses infants in the inclusion GA who are not eligible to be 1089 
randomized. Data Collection for these infants will not include any HIPPA protected privileged 1090 
information and can be obtained from the institution’s VON Database, pg 21. 1091 
II.  Updates to Site Participation and clean up of text to match current Manual of Operations. 1092 
Version 1.5 August 25, 2017 1093 

I. Protocol exclusion criteria deleted throughout text and tables 1094 

 Maternal HIV, Hepatitis B and C 1095 

Version 1.4 June 1, 2017 1096 
I.  Protocol Deviation Reporting redefined, pg 23 1097 
II. Appendix I Data Collection deleted #12 uterine massage and added uterotonic meds    1098 
    to include Cytotec and Hemabate post delivery 1099 
Version 1.3 May 1, 2017  1100 
The following edits have been made after review for consistency, clarification of  language and, 1101 
updates to sub-study and  data management. DSMB members and Sub-site personnel updated. 1102 
I.  Participating site update (removed University of Utah) 1103 
II. NIRS Sub-study 1104 

 Sub-study will monitor NIRS for first 24 hours of life (change	from	72) 1105 
 Subset of 400 subjects < 28 weeks gestational age 1106 

III. Aim 2 1107 

 Distinct separation made between Hypothesis 3 & 4, safety data (resuscitation 1108 
interventions and labs) vs. NIRS sub-study 1109 

IV. List of Abbreviations 1110 

 BSID- Bayley Scales of Infant and Toddler Development, Edition 3	(added) 1111 
 DSMB- Data and Safety Monitoring Board (change	from	Committee) 1112 

V. Methodology 1113 

 Blinding- Clarification of procedure blinding  1114 

VI. Data Collection 1115 

 Upon enrollment, initial randomization and allocation should be entered into the 1116 
eDES within 72 hours (change	from	48) 1117 

VII. Expected Adverse Events 1118 

 Defined polycythemia with	Hematocrit	>	65%	in	first	7	days	of	life 1119 

VIII. Time period of Serious Adverse Events defined (first 7 days of life) 1120 

 Polycythemia with Hematocrit > 65% requiring treatment in	first	7	days	of	life  1121 



 

37 

 Hyperbilirubinemia requiring exchange transfusion during first	7	days	of		life 1122 
 Serious unexpected problems will be reported within 72 hours of discovery (was	7	1123 

days) 1124 

IX. Protocol Deviations 1125 

 Deviations will be entered into the eDES system Deviation Log concurrently 1126 

X. Appendix 1 1127 

 Worst BE on blood gas within 1 hour of life (added) 1128 

XI.  Appendix 3 1129 

 NIRS Sub-study Protocol (added)	 1130 

Version 1.2 March 1, 2017  1131 
The following edits have been made after review with all Investigators for consistency, 1132 
clarification of  language, hypothesis 3 & 4 and, additional data collection of safety -parameters.           1133 
I.   Added participating center University of Utah 1134 
II.  Hypothesis 3, clarified NIRS sub-study 1135 
III. Hypothesis 4, edited for Long Term outcomes only.  Deleted immediate and  1136 
     delivery room interventions 1137 
 IV. Expected Adverse events, added ROP 1138 
 Version 1.1 December 14, 2016 1139 
The following edits have been made after review with all Investigators for consistency, 1140 
clarification of inclusion/exclusion criteria and additional data collection of safety parameters.          1141 
I.  Inclusion Criteria 1142 
    Throughout document “Multiples (unless TTT)” was changed to “Multiples unless    1143 
    monochorionic”.    1144 
II. Exclusion Criteria 1145 
    Throughout document in Tables and text 1146 

 Placenta abruption (was	clarified) with significant bleeding, cutting through the 1147 
placenta (Note: Partial abruptions are not excluded) 1148 

 Cord prolapse (added) 1149 
 Hydrops  (added) 1150 
 Bleeding Accreta  (added) 1151 

III. Secondary Endpoints and Outcomes   (Edits on pages 5 and 19) 1152 
     Deleted “See Appendix 1 for safety and efficacy data” and added for clarification: 1153 

 Incidence of death or neurodevelopmental impairment at 22-26 months corrected 1154 
gestational age  1155 

 All Grade Intraventricular Hemorrhage  1156 
 Severe IVH (Grade 3 or 4)  1157 
 Hemoglobin/Hematocrit at 4 hours (infant) 1158 
 Incidence of Severe IVH or death in infants <28 weeks gestation  1159 
 Cerebral StO2 during Resuscitation  1160 
 Cerebral StO2 in the NICU 1161 
 Other exploratory and safety secondary outcomes are listed in Appendix 1 1162 

 IV. Randomization, Stratification, Allocation  (Added to page 18) 1163 
      “There is no crossover allowed between UCM and DCC groups, subjects should    1164 
      receive their randomized treatment. If the physician abandons the procedure for the  1165 
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      safety of the mother or infant, they should receive only immediate cord clamping i.e.  1166 
      do not milk the cord if randomized to DCC.” 1167 
V. Serious Adverse Events  (Clarified on page 26) 1168 

 Death (Maternal or neonatal) 1169 

VI. Appendix 1     1170 
      Deleted: 1171 
Hemoglobin prior to delivery 1172 
Hemoglobin post-delivery (if available) 1173 
Estimated Blood loss at delivery 1174 
     Added: 1175 
Uterine massage (yes/no/unknown) 1176 
 Indication for Delivery  1177 
Presentation (vertex, breech, transverse) 1178 
 Maternal Hospitalization/Readmit within 10 days 1179 
 Maternal Length of Stay 1180 
Maternal Death 1181 
SGA  (<10%) 1182 
Added BE to cord gas 1183 
 1184 

 1185 


