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1. Epidemiology in Korea



(Korean Neonatal Network)

• Population-based data for VLBW
infants (2013-) from 72 hospitals

• 85% of all VLBW infants 

• 3-year clinical outcomes

Very Low Birth Weight (VLBW): <1500g 



Neonatal complications (2013-2016)

Short- and long-term outcomes of very low birth weight infants in Korea: Korean Neonatal Network update in 2019, CEP (2020)



Cerebral palsy
2014 2015

Overall prevalence: 6.2-6.6%
GA 22-27wks: 8.8-9.6%
GA 36wks: 20.0%  

Short- and long-term outcomes of very low birth weight infants in Korea: Korean Neonatal Network update in 2019, CEP (2020)



Short- and long-term outcomes of very low birth weight infants in Korea: Korean Neonatal Network update in 2019, CEP (2020)



Short- and long-term outcomes of very low birth weight infants in Korea: Korean Neonatal Network update in 2019, CEP (2020)

1/3 of VLBW infants in Korea: rehabilitative support



2. Risk factors of infants in NICU



Cerebral Palsy—Trends in epidemiology and Recent Development in Prenatal Mechanisms 
of Disease, Treatment, and Prevention, Frontiers in Pediatrics (2017)



Risk factors

McMaster Pathophysiology Review



Risk factors at term infant
Preconceptional Antenatal Intrapartum Neonatal

Previous stillbirths
/neonatal death
Previous mis-
carriage >3
Maternal age at 
delivery
: <20y
: >40y
Prior maternal Dx
: Seizure, intellectual 
disability, thyroid Ds
: DM, asthma, coagu-
lation disorder, surgi-
cal Hx, mental illness, 
poor obstetric Hx

+ (1.8-5.4)

+ (2.0)

+ (1.5-1.9)
+ (1.3-3.7)

+ (2.4-9.0)

+ (1.2-2.4)

Poly/oligohydra-
mnios
Hemorrhage 
(2-3 trimester)
Psychiatric illness
Chorioamnionitis
Pre-eclampsia
Major and minor 
birth defects
Small for GA
Large for GA

++ (4.2-6.9)

++ (1.6-3.7)

+ (9.3)
+ (1.5-4.4)
+ (1.1-8.4)
++ (2.6-20.7)

++ (1.9-7.5)
+ (2.6)

Length of labor
: <3h precipitous
: 2nd stage>1h
: prolonged labor
Membrane rup-
ture
: prolonged & 
Preterm
Meconium
: Stained liquor
: Aspiration
Abnormal fetal
presentation
: Breech
Placental abrup-
tion
Cord around neck
Hemorrhage/shock
Birth asphyxia

++ (1.9-3.0)
++ (2.1-2.4)
++ (3.0)

++ (3.32)

++ (1.8-3.8)
++ (10.3-15)

++ (3-6.5)
+ (1.1-13.1)
++ (1.7-1.9)

+ (1.7)
++ (13-20)

Seizure
Respiratory Distress 
Syndrome
Hypoglycemia
Jaundice
Infections including
meningitis, sepsis

++ (5.6-40)
++ (2.3-18)

++ (4.3-20.5)
++ (2.8-3.7)
++ (4.1-7.6)

A systematic review of risk factors for cerebral palsy in children born at term in developed countries, DMCN (2012) 



Risk factors in singletons at near term

Antecedents of Cerebral Palsy and Perinatal Death in Term and Late Preterm Singletons, NEJM (2013)



Early detection of high risk infants

Early, Accurate Diagnosis and Early Intervention in Cerebral Palsy: Advances in Diagnosis and Treatment, JAMA Pediatrics (2017)



Early detection of high risk infants

Early, Accurate Diagnosis and Early Intervention in Cerebral Palsy: Advances in Diagnosis and Treatment, JAMA Pediatrics (2017)

Term-equivalent
Brain MRI

General movements 
(-5mo)



3. Framework for early intervention



Neonatal Physical Therapy. Part II: Practice Frameworks and Evidence-Based Practice Guidelines, Pediatric Physical Therapy (2010)

NICU Practice framework

• 3 theoretical concepts

• Dynamics systems theory of development

• International Classification of Functioning, Disability and Health (ICF)

• Family-centered care



Dynamic systems

• Biological factor 
• Physiologic, behavioral, physical, social, psychological 

elements

• Sociocultural and physical environments
• Neonatal movements and postural control 

• Task or goal of the neonate
• Self-regulation of physiologic processes, behavioral 

state, posture and movement, attention and 
interaction with caregivers

Neonatal Physical Therapy. Part II: Practice Frameworks and Evidence-Based Practice Guidelines, Pediatric Physical Therapy (2010)



ICF

Neonatal Physical Therapy. Part II: Practice Frameworks and Evidence-Based Practice Guidelines, Pediatric Physical Therapy (2010)



Family-centered care

• Collaborative partnerships with families and neonatal practitioners

• Family is a primary focus for collaboration and support by the 
neonatal physical therapists

• Focus on survival and developmental outcome

• Helping parents understand and respond to infant cues

• Enhancement of parent-infant interaction and relationship and 
cognitive and socioemotional development

• Partnerships, education, emotional stress, culture

Neonatal Physical Therapy. Part II: Practice Frameworks and Evidence-Based Practice Guidelines, Pediatric Physical Therapy (2010)



4. Update of early intervention 
in NICU



Characteristics of previous RCTs

• Insufficient  

• Small-sample sized

• Heterogeneous
• Infant: GA, BW

• Intervention: timing, provider, dosage, contents

• Outcome: short vs long term, domain (motor vs cognitive vs etc)



Neonatal therapy

• Systematic review (Sonia khurana et al. 2020)

• 15 RCTs or quasi-RCTs, preterm infants (≤37wks GA)

• Type of therapies 

• Parent-delivered motor intervention 

• Therapist-delivered postural control intervention

• Developmental care

• Oromotor intervention 

Effect of neonatal therapy on the motor, cognitive, and behavioral development of infants born preterm: a systematic review, Dev Med Child Neurol (2020)
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Neonatal therapy

• Systematic review (Sonia khurana et al. 2020)

• 15 RCTs or quasi-RCTs, preterm infants (≤37wks GA)

Effect of neonatal therapy on the motor, cognitive, and behavioral development of infants born preterm: a systematic review, Dev Med Child Neurol (2020)

Parent (2)

Therapist (4)

Developmental
Care (8)

Oromotor (1)



Neonatal therapy

• Systematic review (Sonia khurana et al. 2020)

• 15 RCTs or quasi-RCTs, preterm infants (≤37wks GA)

Effect of neonatal therapy on the motor, cognitive, and behavioral development of infants born preterm: a systematic review, Dev Med Child Neurol (2020)



Neonatal therapy 1

• Parent-administered PT

• Participant: 153 very preterm infants (≤32wks GA)

• Intervention: Parent-administered PT (n=74) vs Usual care (n=79)

• Primary outcome:

• Test of Infant Motor performance Screening Items (baseline)

• Test of Infant Motor Performance (37wks PMA)

Study protocol: an early intervention program to improve motor outcome in preterm infants: a randomized controlled trial and 
a qualitative study of physiotherapy performance and parental experiences, BMC Pediatrics (2012)

Early Parent-Administered Physical Therapy for Preterm Infants: A Randomized Controlled Trial, Pediatrics (2016)

Birth NICU D/C 3mo 12mo6mo

PT

37wks



Neonatal therapy 1



Neonatal therapy 1

Study protocol: an early intervention program to improve motor outcome in preterm infants: a randomized controlled trial and 
a qualitative study of physiotherapy performance and parental experiences, BMC Pediatrics (2012)

Early Parent-Administered Physical Therapy for Preterm Infants: A Randomized Controlled Trial, Pediatrics (2016)

(37wks)



Neonatal therapy 1

• Parent-administered PT

• Participant: 153 very preterm infants (≤32wks GA)

• Intervention: Parent-administered PT (n=74) vs Usual care (n=79)

• Primary outcome:

• TIMP Screening Items (baseline)

• TIMP (37wks PMA)

• TIMP (3mos CA)

Effects of a Parent-Administered Exercise Program in the Neonatal Intensive Care Unit: Dose Does Matter—A Randomized Controlled Trial, Physical Therapy (2020)

TIMP: Test of Infant Motor Performance

Birth NICU D/C 3mo 12mo6mo

PT

37wks 3mo



Neonatal therapy 1



Neonatal therapy 2

• Supporting play exploration and early developmental intervention 
(SPEEDI)

• Participant: 14 extremely preterm infants (<29 wks GA) and/or brain injury

• Intervention: SPEEDI vs Usual care

Supporting play exploration and early developmental intervention versus usual care to enhance development outcomes during the
transition from the neonatal intensive care unit to home: a pilot randomized controlled trial, BMC Pediatrics (2018)

Birth NICU D/C 12mo

PT

0mo



Neonatal therapy 2



• Key principles 

• Encourage self-initiated movement, variability, object interaction, and social 

interaction 

• Do not impose movement on the infant 

• Observe and respond to the infant’s behavioral cues 

• Key Strategies to support motor development during interactions 

• Provide graded postural support

• Observe spontaneous movement in response to your support

• Vary postural support to encourage different opportunities and sensory input

• Vary positioned with the minimal support to encourage variable movements 



https://rampages.us/speedi/

Self-Initiated Exploration in Young Baby



https://rampages.us/speedi/

Just Right Challenge – Change the environment or task to make 
it slightly easier to increase length of practice



Problem solving outcomes 
(15wks, 20wks, 29wks)

Bayley
(6mo, 12mo)



Developmental care 1

• Kangaroo Mother Care

• Position: skin-to-skin contact

• Nutrition: breast feeding

• Discharge: continuation kangaroo mother care at 
home after discharge

• Support: by healthcare staff at hospital and home



Meta-analysis
(n = 124)

Kangaroo Mother Care and Neonatal Outcomes: A Meta-analysis, Pediatrics (2016)



Immediate “Kangaroo Mother Care” and Survival of Infants with Low Birth Weight, NEJM (2021)

• 3211 LBW infants (1000-1800 g 
at birth)

• Intervention: Kangaroo mother 
care vs. Usual care

• Primary outcome: death at 28  
and 3 days of life



Physiological stress parameters in NICU (Meta-analysis, n=20)
• Significant: low respiratory rate (CI, -5.17 to -1.83, P<0.00001)
• Not significant: heart rate, oxygen saturation, and temperature 

Effects of Kangaroo Mother Care in the NICU on the Physiological Stress Parameters of Premature Infants: A Meta-Analysis of RCTs, Environ Res and Public Health (2021)



Developmental care 1

• Kangaroo Mother Care

• Participant: 449 VLBW preterm infants 

• Intervention: Kangaroo Mother Care vs. Usual care

• Primary outcome:

• Body weight, length, head and chest circumference at 0/3/6/9/12 mos

• Developmental Assessment Scales for Indian Infants at 12 mos (CA)

Birth
NICU D/C 
or >2500 g 12mo

Care

12mo

Effect of kangaroo mother care on growth and development of low birthweight babies up to 12 months of age: a controlled clinical trial, Acta Pediatrica (2014)





Developmental care 1

• Kangaroo Mother Care

• Participant: 552 healthy LBW infants (1500-2250 g at birth)

• Intervention: Home Based Post Natal Care vs. Usual care
• until no longer accepted skin-to-skin contact

• Primary outcome:

• Neonatal Neurobehavioral Examination at term, 6, 12 mos (CA)

Community initiated kangaroo mother care and early child development in low birth weight infants in India-a randomized controlled trial, BMC Pediatrics (2020)

Birth 12mo6mo

Care

12mo6mo6mo

Term



Developmental care 1

• Kangaroo Mother Care

Cognitive Language Motor

Community initiated kangaroo mother care and early child development in low birth weight infants in India-a randomized controlled trial, BMC Pediatrics (2020)



Developmental care 1

• Kangaroo Mother Care: safe, but feasible?

• NICU physical environment: space in NICU, chairs, family room

• Healthcare provider’s beliefs

• Clinical practice variation

• Parental presence in NICU

What is stopping us? An implementation science study of kangaroo care in British Columbia’s neonatal intensive care units, BMC Pregnancy and Childbirth (2021)



Developmental care 2

• Family-centered intervention program (FCIP)

• Participant: 251 VLBW preterm infants (<1500 g) 

• Intervention: FCIP vs. Usual care

• Primary outcome: at term only

• Neurobehavioral performance

• Full oral feeding

• Hospital discharge

• Weight gain

Birth NICU 
D/C 24mo9mo1mo

Term

4mo 6mo 12mo2mo

Care

Family-centered Care Improved Neonatal Medical and Neurobehavioral Outcomes in Preterm Infants: Randomized Controlled Trial, Physical Therapy (2017)



Family-centered Care Improved Neonatal Medical and Neurobehavioral Outcomes in Preterm Infants: Randomized Controlled Trial, Physical Therapy (2017)





Oromotor therapy 1

• Direct swallowing training (DST) + oral sensorimotor stimulation (OSMS)

• Participant: 186 preterm infants (<32 wks GA)

• Intervention: DST + OSMS vs. DST vs. Usual care
• 1/day, 5 days/week, until achievement 100% oral feeds of daily intake

• Primary outcome:

• Time from start to independent oral feeding

Birth NICU D/C 3mo 12mo6mo

Direct swallowing training and oral sensorimotor stimulation in preterm infants: a randomised controlled trial, Arch Dis Child fetal Neonatal Ed (2021)



















Issues in early intervention

• Theory

• Contents of intervention: age (developmental stage), initiation, 
duration, dosage

• Provider: therapist, parent

• Supervision

• Goal and progression: “just right challenge” 

• Environment



Neural substrate and clinical significance of general movements an update, DMCN (2017)



Current status in Korea

•

•

•

•
•



Summary

• 1/3 of VLBW infants in Korea: rehabilitative support

• Risk factors: preterm + term (antenatal, perinatal, postnatal)

• Early detection of high risk infants

• Framework: dynamics systems theory, ICF, family-centered care

• Early intervention: insufficient, small-sample sized, heterogeneous 
• Parent-delivered: conditional (short- and long-term motor/cognitive outcome)
• Therapist-delivered: conditional (short-term motor outcome)
• Developmental care: conditional
• Oromotor: inconclusive

• Issues: provider, contents, supervision, environment (+mechanism)



Thank you


