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National Institutes of Health 

NIH Mission 

. . .to seek fundamental 
knowledge about the nature 
and behavior of living systems 
and the application of that knowledge to 
enhance health, lengthen life, and reduce the 
burdens of illness and disability.

Core Components of the NIH Mission 
 Extramural Research – Supporting research of non-Federal 

scientists in universities, medical schools, hospitals, and 
research institutions throughout U.S. and overseas

 Intramural Research – Conducting research in its own labs

 Training – Helping train research investigators

 Communication – Fostering communication of medical 
information

NIH’s 27 Institutes and Centers

The NICHD Mission is to Ensure… 

 That every person is born healthy 
and wanted

 That women suffer no harmful 
effects from reproductive processes

 That all children have the chance to achieve 
their full potential for healthy and productive 
lives, free from disease or disability

 The health, productivity, independence, and 
well-being of all people through optimal 
rehabilitation

From basic science             
to clinical applications

to public and provider education

Our Efforts
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Objectives

 To describe the success of SIDS prevention
 To describe trials and studies for preterm birth 

prevention that resulted in stopping a practice that 
was not beneficial (BV/TV; HUAM)

 To describe trials for preterm birth prevention that 
provided evidence for a new treatment or 
preventative therapy (progesterone, BEAM)

 To describe fetal surgical interventions that provided 
evidence for treatment (MOMS)

Sudden Infant Death Syndrome
 Sudden death of an infant <1 year, 

unexplained after case investigation, 
autopsy, death scene examination and 
clinical history
 Typically: healthy infant found dead after sleep

 2,300 deaths/year (6 deaths/day) in the US

 Leading cause postneonatal infant mortality
 Third leading cause of infant mortality

SIDS History

 Chinese, UK, NZ/Australian studies: 
SIDS rare in supine sleeping babies

 Back to Sleep campaign: 
 encourage parents to have infants 

sleep on their backs

 Launched 1994

 Incidence of SIDS declined >50%

Triple Risk Model for SIDS

Critical 
Developmental 

Period

Vulnerable
Infant

Exogenous
Stressor

SIDS

Filiano JJ, Kinney HC. Biol Neonate 1994

Intrinsic Risk Factors

• Male gender
• Prematurity
• Am Indian
• Afr American
• Genetic polym.
• Prenatal exposure
• to cigarettes/
• alcohol

Extrinsic Risk Factors

• Prone sleep
• Bed sharing
• Overbundling
• Soft bedding
• Face covered

Life-Threatening Challenges:

• High levels of carbon dioxide (hypercarbia)

• Low levels of oxygen (hypoxia) 

• Increased or decreased blood pressure

• Increased or decreased temperature

Life-Threatening Challenges and Protective Responses 
Governed by the Brainstem 

Protective Responses:

• Arousal 

• Gasping to recover normal breathing 

following hypoxia (autoresuscitation)

• Blood pressure recovery

• Temperature recovery
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SIDS Brainstem Abnormalities Leading to Altered 
Protective Responses

Unique abnormalities in network of medullary neurons:
Decreased serotonin (5-HT) receptor and 

transporter binding
Decreased 5-HT and tryptophan hydroxylase levels
Delayed morphological maturation of 5-HT neurons 

and increased number
Decreased aminobutyric acid receptors and signal 

transduction proteins
Prenatal smoking and alcohol use associated with 

decreased 5-HT receptor binding

Brain Stem Deficit in SIDS

Paterson DS et al JAMA 2006

Objectives

 To describe the success of SIDS prevention
 To describe trials and studies for preterm birth 

prevention that resulted in stopping a practice that 
was not beneficial (BV/TV; HUAM)

 To describe trials for preterm birth prevention that 
provided evidence for a new treatment or 
preventative therapy (progesterone, BEAM)

 To describe fetal surgical interventions that provided 
evidence for treatment (MOMS)

 Obstetrical management, especially for high-
risk patient, has often adopted practices without 
objective evaluation

 In an attempt to respond to the need for well-
designed clinical trials in maternal fetal 
medicine, the NICHD established networks in 
1986

Clinical issue

Trial / study

Findings / Data

Practice 

NICHD conducts and supports research on topics related 
to the health of children, adults, families, and populations

Pregnancy
 Lasts 40 weeks 

 Preterm birth: delivery <37 weeks
 Complications
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Preterm Delivery:  A Public Health Priority
 1 in 8 infants is born preterm 
 542,893 preterm births each year 

 leading cause of hospitalization among pregnant women
 leading cause of death among African-American infants
 associated with developmental disabilities

Preterm Birth: Outcomes

1 out of 5 children with mental retardation
1 out of 3 children with vision impairment
Almost half of children with cerebral palsy

Accounts for

Leading cause of neonatal mortality

Preterm Birth: Long Term Outcome
 For the baby:
 Increased risk for cardiovascular disease 

(MI, stroke, hypertension) as an adult
 Increased risk for diabetes as an adult

 For the mother:
 Increased risk for 

subsequent preterm 
delivery 0

0.25

0.5

0.75

1

1.25

1.5

1.75

<5.0 5.0-5.5 5.6-7.0 7.1-8.5 8.6-10.0 >10.0

Birthweight (lbs) Rich-Edwards 1997

Birth Weight and Coronary Heart Disease

Lower BW=higher CHD risk

Preterm birth trials & clinical practice

 BV/TV

 HUAM

 Progesterone trial

 BEAM trial

HUAM: Iams NEJM
BV/TV: Carey NEJM, Kelbanoff NEJM
Progesterone: Meis et al NEJM 2003
BEAM: Rouse et al NEJM 2008

Infection/inflammation and 
spontaneous preterm delivery (PTD)

 Evidence supports infection cause of PTD: 
 Clinical & subclinical chorioamnionitis

 Bacterial vaginosis in pregnancy associated with 
poor perinatal outcome, in particular an increased 
risk of preterm birth

 Trichomonas infection associated with PTD

McGregor 1990, Kurki 1992, Hay 1994, Hillier 1995

NICHD: MFMU BV/TV Trials

 Aim: To establish whether metronidazole therapy will 
reduce the risk of PTD in women with asymptomatic 
bacterial vaginosis or trichomonas vaginalis

 Design: double-masked, placebo-controlled trial

 Eligibility criteria: <24 wks, BV or TV positive  

 Intervention: Four doses of 2g metronidazole or placebo

 Primary outcome: delivery at < 37  weeks’

 Sample: BV: 1900 pregnant women (950/group)

BV: Carey et al, N Engl J Med 2000
TV: Klebanoff et al, N Engl J Med 2001

TV: 1900 pregnant women (950/group)
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Rates of Preterm Birth

0%
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4%

8%

12%

16%

20%

<37 <35 <32

Asymptomatic BV Asymptomatic TV

Placebo
Metronidazole

PTD

BV: Carey et al, N Engl J Med 2000
TV: Klebanoff et al, N Engl J Med 2001

P<0.004

BV/TV trials
 TV trial stopped by DSMC after interim 

analysis found increased PTD in 
metronidazole group

 Effectiveness of treatment
 BV:  78% negative for BV 

 TV:  93% negative for trichonomiasis

BV: Carey et al, N Engl J Med 2000
TV: Klebanoff et al, N Engl J Med 2001

BV/TV trials: Conclusions
Treatment of asymptomatic 

BV does not reduce PTD or adverse perinatal 
outcomes

TV increased the risk of PTD

Results from these trials changed the practice of 
indiscriminate use of antibiotics in pregnancy

BV: Carey et al, N Engl J Med 2000
TV: Klebanoff et al, N Engl J Med 2001

Preterm birth trials & clinical practice

 BV/TV

 HUAM

 Progesterone trial

 BEAM trial

Stopped a practice

HUAM: Iams NEJM
BV/TV: Carey NEJM, Kelbanoff NEJM
Progesterone: Meis et al NEJM 2003
BEAM: Rouse et al NEJM 2008

Home Uterine
Activity Monitor
(HUAM)

 Monitors fetal heart 
rate and uterine 
activity (contractions)

Home Uterine Activity Monitoring 

 Premise: 
 Uterus is a large muscle

 Uterine activity higher in women destined to 
deliver preterm

 Uterine activity increases 24-48 hours before an 
episode of preterm labor

Blinded monitoring of women w/ risk of PTD
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NICHD 
MFMU

The NICHD HUAM Prediction Study
 Blinded monitoring of women w/ risk of PTD

 Contraction frequency was related to risk of PTD

 Contractions predicted PTD poorly
Sensitivity = 9.3% for  4 Contractions / hr 
PPV =  26.7% to predict birth < 35 weeks

Iams et al  NEJM 2002

Deliver < 35 w

Deliver > 35 w

 UC frequency is increased in women who 
will deliver < 35 w

 Magnitude too small to be clinically useful

 Contractions are common in pregnancy

 Contractions occur late in process

HUAM not clinically useful to predict 
patients who will deliver preterm

The NICHD HUAM Prediction Study

HUAM not clinically useful to 
predict patients who will 

deliver preterm

Preterm birth trials & clinical practice

 BV/TV

 HUAM

 Progesterone trial

 BEAM trial

Stopped a practice

HUAM: Iams NEJM
BV/TV: Carey NEJM, Kelbanoff NEJM
Progesterone: Meis et al NEJM 2003
BEAM: Rouse et al NEJM 2008

Stopped a practice

Progesterone

•Steroid hormone
•In target cells (endometrium)

•becomes tightly bound to progesterone receptor
•forms a transcription factor. 

•Actions of Progesterone on the Myometrium
Decreases conduction of contractions

Increases threshold for stimulation

Decreases spontaneous activity

Decreases number of oxytocin receptors

Prevents formation of gap junctions

Trials of Progestogens
 Results of several small trials in the 1960’s and 

1970’s suggested progesterone therapy may be 
effective in preventing preterm birth

 Not all trials showed positive results

 Meta-analyses produced conflicting results

 The most successful trials employed 17-
Hydroxyprogesterone Caproate, (17P)
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19 Centers enrolled women with:

 Documented history of spontaneous 
preterm birth at 200 to 366 weeks’ gestation 
in a previous pregnancy

 Gestational age at entry of 15-203 weeks 
confirmed by ultrasound

 Singleton gestation, with no major fetal 
anomalies

Meis et al, N Engl J Med 2003

Screening & 
Randomization

2980 women screened

1941 ineligible 1039 eligible

576 refused consent or
declined after trial injection

463 randomized

310  17-P 163  placebo
Meis et al, N Engl J Med 2003

Characteristics 

 Qualifying delivery (wks) 30.5 31.3  

 Maternal age (yrs) 26.0 26.5 

 Married 51% 46%

 African American 59% 58%

 Mean BMI 26.9     25.9

 Smoking 22% 19%

17-P Placebo
Progesterone: Rates of Preterm Birth

0%

10%

20%

30%

40%

50%

60%

70%

< 37 <35 <32 Afr.
American

Non Afr-
Am

P<0.0001 P<0.016 P<0.018

Meis et al, N Engl J Med 2003Meis et al, N Engl J Med 2003

17P

17P17P

17P

17P

P=0.010 P=0.004

African
American

Non African
American

Progesterone prevents neonatal complications

0%
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4%

6%

8%

10%

12%

14%

16%

neonatal
death

RDS BPD IVH* NEC*

17 P

17 P
17 P 17 P

Placebo

Placebo

Placebo

Placebo

Placebo

Meis et al, N Engl J Med 2003Meis et al, N Engl J Med 2003

Compliance and Side Effects

 Compliance with the weekly injections was 
excellent

 91.5% of the women received their 
injections at the scheduled time

 Side effects were minor and were similar in 
the 17P and placebo groups
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Effectiveness of Progesterone
 5-6 women with a previous sPTB would need 

to be treated to prevent one birth <37 wks

 12 women with a previous sPTB birth would 
need to be treated to prevent one birth <32 wks

Meis et al, N Engl J Med 2003Meis et al, N Engl J Med 2003
Low dose ASA to prevent CVA, NNT=102
B-blocker use in MI patients to prevent cardiac death NNT=42

Progesterone prevents recurrent 
preterm delivery
 Weekly injections of progesterone prevented 

recurrent preterm birth and improved the neonatal 
outcome for pregnancies at risk

 Effective in preventing very early as well as later 
preterm birth

 Effective in both African American and 
Non-African American women

Meis et al, N Engl J Med 2003Meis et al, N Engl J Med 2003

Impact of progesterone to 
prevent recurrent preterm birth

 10,000 preterm births could 
have been prevented in 2002 
if all eligible pregnant 
women at high risk for PTD 
received 17P

 Resulting in reduction of 
preterm birth of ~2%

Petrini et al, Obstet Gynecol 2005; 105(2)

Recommends the use of progesterone to 
prevent PTD for women with prior sPTD

May be considered in asymptomatic 
women with a very short cervix

Obstet Gynecol 2008;112:963-5

Preterm birth trials & clinical practice

 BV/TV

 HUAM

 Progesterone trial

 BEAM trial

Stopped a practice

HUAM: Iams NEJM
BV/TV: Carey NEJM, Kelbanoff NEJM
Progesterone: Meis et al NEJM 2003
BEAM: Rouse et al NEJM 2008

Stopped a practice

Preventative therapy

Cerebral Palsy
 Leading cause of chronic childhood disability 

 Tragic and profound consequences 

 > 200,000 Americans age 3-13

 Preterm birth a leading risk factor 

 50 fold increase

 ~ 1/3 due to early preterm birth
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Cerebral Palsy

 Related group of disorders 

 Abnormal control of movement and posture 

 Activity limitation

 Non-progressive damage or dysfunction 
developing fetal or infant brain

Cerebral Palsy

 Case-control study using California 
database found that exposure to MgSO4 
during pregnancy reduced risk of developing 
cerebral palsy

Nelson and Grether, Pediatrics, 1995

Magnesium as Neuroprotectant
In Vitro Studies

 Essential for key enzymatic function

 Prevents cell death:
 Calcium

 Pro-inflammatory cytokines

 Free radicals

 Stabilizing hemodynamic effects

Objective

To evaluate whether maternally-administered 
MgSO4 lowers the risk of cerebral palsy 
(CP) or death in the offspring of women 
with anticipated early preterm delivery. 

Eligibility
 24 weeks to 31 weeks, 6 days

 Ruptured membranes 
 Advanced preterm labor (4-8 cm) 
 Indicated preterm delivery 

 Singletons and twins 

BEAM Beneficial Effects of 
Antenatal Magnesium

Study design
 Randomized
 Placebo controlled
 Double masked

Primary Study Outcome

 Moderate or severe cerebral 
palsy at 2 year examination

or

 Stillbirth or infant death 

Composite
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BEAM 
To determine if antenatal MgSO4 can 
reduce the risk of cerebral palsy

*co-funded by NINDS
0%

2%

4%

6%

8%

10%

12%

14%

Placebo MgSO4

Cerebral Palsy Death

Beneficial Effects of 
Antenatal Magnesium

N Engl J Med. 2008 August 28; 359

• 2,241 women randomized

• 95.6% follow up

• Significant reduction in 
moderate/severe CP from      

3.5% to 1.9%
RR(95%CI) 0.55(0.32-0.95)

• Risk of death not different

• NNT=63

Preterm birth trials & clinical practice

 BV/TV

 HUAM

 Progesterone trial

 BEAM trial

Stopped a practice

HUAM: Iams NEJM
BV/TV: Carey NEJM, Kelbanoff NEJM
Progesterone: Meis et al NEJM 2003
BEAM: Rouse et al NEJM 2008

Stopped a practice

Preventative therapy

Preventative therapy

Objectives

 To describe the success of SIDS prevention
 To describe trials and studies for preterm birth 

prevention that resulted in stopping a practice that 
was not beneficial (BV/TV; HUAM)

 To describe trials for preterm birth prevention that 
provided evidence for a new treatment or 
preventative therapy (progesterone, BEAM)

 To describe fetal surgical interventions that provided 
evidence for treatment (MOMS)

• MOMS Centers
– The Children’s Hospital of 

Philadelphia
– University of California-

San Francisco
– Vanderbilt University 

Medical Center
• Coordinating Center

– The George Washington 
University Biostatistics 
Center

• NICHD 
– Pregnancy & Perinatology 

Branch

 Fetal surgery began for lethal 
conditions

 Risks involve two:
 Mom

 Baby

 Long term risks: future 
pregnancies

Background – Fetal Surgery
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Background - Myelomeningocele

• In first 28 days of pregnancy
– Two sides of the spine join to

cover the spinal cord, spinal nerves 
and meninges

• If it doesn’t happen: birth defect 
with incomplete closure of spine

• Most significant/common type of 
spina bifida
– Extrusion of the spinal cord into a 

fluid filled sac

Myelomeningocele 

• Most common and severe CNS 
congenital anomaly

• Affecting ~ 1500 fetuses in US 
annually  

• Severity correlated with level of 
the spinal cord lesion
– The higher the more severe

– Thoracic to sacral level (lumbar 
most common)

Complications of Spina Bifida

• Chiari II malformation – mainly 
hindbrain herniation (downward 
displacement of parts of brain into the 
cervical spinal canal)
– Hydrocephalus, shunt placement to 

divert ventricular fluid to the 
peritoneum

– Shunts can get blocked/infected

– Brainstem malfunction, breathing, 
swallowing difficulty 

Complications of Spina Bifida

• Incompletely functioning nerves
• Muscles do not get messages from the 

damaged nerves
– Varying degrees of paralysis
– Bowel and bladder dysfunction 

• Clubfoot, skeletal abnormalities
• Social, emotional issues, obesity

Standard of Care

• Delivery by cesarean

• Postnatal closure of defect soon after 
birth

• Does not ‘cure’ spina bifida

• Most need a shunt

• Multifactorial disability – needs 
multidisciplinary care

Fetal Surgery for Myelomeningocele

• Fetal lamb model suggested 
improved neuromotor 
function

• Prenatal closure of lesion may 
reduce nerve damage from 
exposure to amniotic fluid 
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Human Fetal Myelomeningocele Repair Management of Myelomeningocele Study (MOMS)

 Aim: To compare the safety and efficacy of 
in utero repair of open neural tube defects 
with standard postnatal repair

 Intervention: Unmasked randomized 
clinical trial 

 Outcome evaluation by blinded 
independent investigators

Inclusion criteria

 Singleton

 Upper MMC boundary at T1-S1

 Evidence of hindbrain herniation

 GA 19.0-25.9 weeks at randomization

 Normal karyotype

 No anomalies unrelated to MMC

 No severe kyphosis

 BMI<35

Screening at Clinical Site (2 days)
Travel & lodging arranged
Mother and support person
Paid by MOMS center

Evaluation process
If requirements met, 
offered randomization

Fetal surgeon
Neurosurgeon
Nurse
Neonatologist
Social worker
Anesthesiologist
Perinatologist

Comprehensive ultrasound
MRI of fetus
Fetal echocardiogram
Psychological testing
Meetings with evaluations team

Central Screening at Coordinating Center

Moms and infants
go to assigned center

Postnatal group

Return home

Return at 37wks to MOMS 
center for delivery by CD

Remain near center 
until delivery

Prenatal group

Admitted to MOMS center

In utero repair

Postnatal closure within 48h

Deliver by CD 
@ 37wks if undelivered

Randomization to Neonatal Discharge
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Primary Outcome (12 months)

 Death or need for ventricular decompressive shunting 
at 12 months defined by objective criteria
 If shunt placed without meeting criteria – qualifies as 

primary outcome

 Independent committee of neurosurgeons, blinded to 
treatment assignment, determines whether criteria 
have been met

Primary Outcome (30 months)

 A composite score from the Bayley Scales of 
Infant Development MDI and the difference 
between the motor level and lesion level

 Evaluated by independent examiners blinded to 
treatment assignment

 Videotapes of physical exams reviewed by 
independent expert

L2–S4 Myelomeningocele

T12L1
L2

L3

Motor Impairment: Level of Spinal Cord Injury

Independent walking

Walking with lower leg support

Walking with use of a walking aid

Wheelchair dependent

(obs L2) – (anatomic L4) = - 2 levels 

(obs S1) – (anatomic L4) = + 2 levels

Secondary Outcome: 
Difference between motor function and anatomic levels

(Observed motor function) – (anatomic level)
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MOMS: Primary Outcome (12 mo)
death or need for shunt

Two perinatal deaths in each group:
Prenatal: IUFD at 26wks, NND at 23 wks

Postnatal: NND with severe symptoms of Chiari II

Primary outcome 53(68%) 78(98%) <0.001
0.70(0.58‐0.84)

Death before shunt 2(  3%) 0
Shunt criteria met 51(65%) 74(92%)
Shunt placed without criteria 0 4(  5%)

Placement of shunt 31(40%) 66(82%) <0.001
0.48(0.36‐0.64)

Prenatal Postnatal P value
n=78 n=80            RR (95%CI)

MOMS: Primary Outcome (30 mo)

Primary outcome 148.6+57.5 122.6+57.2 0.007

Bayley MDI 89.7+14.0 87.3+18.4 0.53
Difference between 0.58+1.94 ‐0.69+1.99 0.001
motor function & anatomic level

Prenatal Postnatal P value
n=64 n=70

Secondary Outcome: Ambulation

Walking independently 26/62(42%) 14/67(21%) 0.01
2.01(1.16‐3.48)

Walking status 0.03
None 18/62(29%) 29/67(43%)
Orthotics/devices 18/62(29%) 24/67(36%) 
Walking independently 26/62(42%) 14/67(21%)

Prenatal Postnatal P value
n=64 n=70            RR (95%CI)

Maternal Outcomes

Prenatal
n=78

Postnatal
n=80

RR
(95% CI)

P 

Chorioamniotic
membrane separation

20 (25.6) 0 (0.0) — <0.001

Pulmonary edema 5 (6.4) 0 (0.0) — 0.03

Modified BPP < 8 13 (16.7) 6(7.5)
2.22 

(0.89– 5.55)
0.08

Oligohydramnios 16 (20.5) 3 (3.8)
5.47 

(1.66-18.04)
0.001

Maternal Outcome: 
Hysterotomy site 

Intact, well-healed 49  (64.5)

Very thin 19  (25.0)

Area of dehiscence 7 (9.2)

Complete dehiscence 1 (1.3)

Prenatal
n=76

35.5%

Bradycardia at repair 8 (10.3) 0 0.003

Perinatal death 2 (2.6) 2 (2.5) 1.03 (0.14-7.10) 1.00

GA at birth 34.1±3.1 37.3±1.1 <0.001

< 30 wks 10 (12.8) 0 (0.0)

30-34 weeks    26 (33.3) 4 (5.0)

35-36 weeks 26 (33.3) 8 (10.0)

>=37 weeks 16 (20.5) 68 (85.0)

Prenatal
N=78

Postnatal
N=80

RR (95% CI) P 

80% 15%

Fetal and Neonatal Outcomes
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Summary

 Prenatal surgery for myelomeningocele 
reduces the need for a shunt or death and 
improves motor outcomes at 30 months but 
is associated with maternal and fetal risks

Online Feb 9, 2011 5pm NEJM.org
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 To describe the success of SIDS prevention
 To describe trials and studies for preterm birth 

prevention that resulted in stopping a practice that 
was not beneficial (BV/TV; HUAM)
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Accomplished!

Objectives

 To describe trials and studies for preterm birth 
prevention that resulted in stopping a practice that 
was not beneficial (BV/TV; HUAM)

 To describe trials for preterm birth prevention that 
provided evidence for a new treatment or 
preventative therapy (progesterone, BEAM)

 To describe fetal surgical interventions that provided 
evidence for treatment (MOMS)

Accomplished!
NICHD research: 

to provide evidence for how
medicine is practiced

Clinical issue

Trial / study

Findings / Data

Practice 

The goal: healthy children, mothers and families


