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Developing In The NICU: 
Interventions For The 
Early Brain, Part 1
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Caroline Molder, MS, OTR/L

1

Learning Outcomes
§ After this course, participants will be able to 

describe the sensory differences between Intra-
Uterine vs. Extra-Uterine Environment and their 
impact on the neonatal brain.

§ After this course, participants will be able to identify 
7 developmental care areas in the NICU.

§ After this course, participants will be able to list at 
least 5 or more neuroprotective developmental care 
intervention activities in the NICU.
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NICU:
Interventions For The Early Brain

3

Babies don’t stop DEVELOPING 
just because they were born early 
or compromised at birth…
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…and experience-based

5

The last 6 weeks of gestation is a critical period of 
growth and development in the fetal brain and 
lungs.

Critical Period
-the time-sensitive, irreversible point in the 
development of a neural structure or system in 
which deprivation of the normal environment 
interrupts the maturational trajectory of the entire 
structure/system.
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So what is the normal environment?

7

The dilemma then:"
when FETAL development occurs 
outside the protective 
environment of the womb.

8
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Womb vs. the NICU
§ Beeping Alarms
§  Fluorescent Lights
§ Hard Surface
§ Movement Against Gravity
§ Pain
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Isolation From Mother

This early assault of STRESS contributes to:

§ Motor Delays
§ Cognitive Deficits
§ Behavior Disorders

10
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Imagine
Instead of waking up in your cozy, familiar bed at 10:00am 
on a Saturday morning, you wake up…

11

WAL-MART"
3am"
Naked…on Black Friday

12
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…And you have intricately 
organized & matured neuronal 
processes that help you cope 
with those sensations…Right?

13

The Fetal Brain
What’s affected if baby is born a little early?

Smaller Volumes:

-Cerebrum: controls speech, thoughts, emotions, 
learning, & muscle function.

-Cerebellum: responsible for learning, social-
behavioral functions, & complex motor skills. 

14



5/9/19	

8	

Neuroprotective Care

15

It’s not just about being born ELBW or 
extreme prematurity
Johnson, S., Evans, T., Draper, E., Field, D., Manktelow, B., 
Marlow, N., Matthews, R., Petrou, S., Seaton, S., Smith, L., 
Boyle, E. (2015). Neurodevelopmental outcomes following 
late and moderate prematurity: a population-based cohort 
study. ADC Fetal & Neonatal Edition, doi:10.1136/
archdischild-2014-307684
Late to moderately preterm infants born 
between 32-36 weeks were DOUBLE the risk 
for neurodevelopmental disabilities at 2 years 
of age compared to their term controls.
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Researchers assessed kindergarten readiness at 
school age in 4,900 children born full-term and 950 

late term preterm (37 weeks).

The late preterm kids were 
52 percent more likely to 

be unprepared.
Late Preterm Infants and Neurodevelopmental Outcomes at Kindergarten 

Melissa Woythaler, Marie C. McCormick, Wen-Yang Mao, Vincent C. 
Smith Pediatrics Aug 2015, peds.2014-4043; DOI:10.1542/peds.

2014-4043
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Neuroprotective care is the 
antibiotic for developmental delay.

18
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So how do we provide 
neuroprotective care for a baby in 
Intensive Care?

19

The Neonatal Developmental 
Care Model

Seven Core Measures


Promote normal development.


Promote optimal synaptic neuro-connections.
Prevent disabilities.


Altimier L, Phillips R. The Neonatal Integrative Developmental Care Model: Seven 
Neuroprotective Core. Newborn & Infant Nursing Reviews; 13: 9-22

20
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Mother and Child Integrative 
Developmental Care Model
§  Family Involvement
§ Positioning & Handling
§ Protecting Skin
§ Minimizing Stress & Pain
§ Optimizing Nutrition
§ Safeguarding Sleep

21

Healing Environment
§ Touch
§ Smell
§ Taste
§ Sound
§  Light

22
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Sensory receptors are the interface between 
our CNS and the external world.

The processing of sensory information creates 
behaviors that:

-develop new skills

-regulates attention


23

Extra-uterine Environment
Negative sensory inputs
Replace the positive sensory inputs into the 
developing brain

Fluctuations
Temperature, touch, vestibular, gustatory, olfaction, 
noise, light, oxygen, and nutrients

24
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These changes alter normal brain 
development, neuronal organization and 

adaptation patterns.

Preterm Infant 
is NOT 
Prepared

Exposure to high 
levels of 
inappropriate 
sensory input.
Repeatedly.

25

What Makes A"
HEALING ENVIRONMENT

Physical Environment
-space, privacy, safety

Sensory Environment
-temperature, touch, proprioception, smell, taste, 

sounds, light

26
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HEALING ENVIRONMENT"
Neuroprotective Interventions

Tactile Intervention
-the only sense we cannot live without

Use soft, gentle touch in all caregiving interactions

Facilitate skin-to-skin (STS) care
-As soon as possible after birth

-Daily by parent or designated caregiver

Educate caregivers on skin sensitivity
27

Vestibular Intervention
-Change baby’s position slowly
-No sudden movements



Visual Interventions
-Adjust light levels
(maximum of 9 watts)
-No visual stimuli needed until 
near term (39 wks)

Auditory Interventions
-Turn alarms off as quickly as possible
-Talk in a quiet “library voice”
-Post signs to remind everyone to 
support a “Quietly Healing” environment

Olfactory Interventions (smell)
-Maintain a fragrance-free unit
-Provide mother’s scent skin-to-skin

28

HEALING ENVIRONMENT"
Neuroprotective Interventions
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PARTNERING WITH FAMILIES"

Core Measure 2
What is the single most important factor affecting 

neurodevelopmental outcomes? Parents.

Premature babies have premature parents.


Crisis for families
§ Unexpected
§ Unprepared

§  Family separation/stress
§ Parent-infant bonding altered

29

PARTNERING WITH FAMILIES
This is not a new concept…


“It must never be forgotten that, ultimately, the care 
of even very sick newborns is the responsibility of 

the parents and that medical and nursing staff exist 
to assist them in doing what needs to be done while 

not usurping the parents’ role.”
(1978)

30
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Mothers are Superior to Incubators
in stabilizing healthy preterm infants at birth


Bergman Acta Paediatrica, 2004;

Luong, Acta Paediatria

31

PARTNERING WITH FAMILIES
What We Know Today...


§  Infants of all mammalian species studied suffer in 

the absence of extensive, intimate contact with 
their mothers


§ Most current nurseries & NICUs were built without 

much consideration of these findings

32
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PARTNERING WITH FAMILIES
Attention to the experience of the baby and 
family requires a system-wide approach and 

the inclusion of multiple disciplines as a 
standard of care.

33

PARTNERING WITH FAMILIES"

Neuroprotective Interventions
-Parents viewed as vital members of the caregiving 

team.


-Supported in their role as a the most important 
caregivers.


-Not considered “visitors”.

34
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-Facilitate parents in having medically & 
developmentally appropriate interactions with their 

baby.


-Explain the medical and developmental needs of 
baby.


-Teach baby’s behavioral cues of stress, calm, self-
comfort.

35

PARTNERING WITH FAMILIES"

Neuroprotective Interventions

PARTNERING WITH FAMILIES"

Neuroprotective Interventions
-Encourage early, frequent and prolonged STS care.


-Remember those who inspire our confidence the 

least: need our education the most.

36
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Neuroprotective Care That ONLY 
Parents Can Provide

-Breastmilk: unique nutrients are neuroprotective
-Skin-to-skin contact

-Comfort of familiar voice: decreased stress is 
neuroprotective

-Parental love and attachment: emotional stability is 
neuroprotective

-Advocacy for life: a more secure future is neuroprotective
-Milgrom et al – Training parents about neurosensory needs 

of babies improved white matter development (Ped Research 
2010) 

37

POSITIONING & HANDLING"
Core Measure 3

Reference is position in the womb

Flexed, midline

360 degrees well-defined boundaries

38
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POSITIONING & HANDLING
Unsupported position:


-Flattened, abducted, externally rotated


-Gravity, dominance of extensor tone


-Lack of boundaries

39

POSITIONING & HANDLING
Therapeutic positioning effects:

§ Musculoskeletal development
§ Neuromotor development

§ Physiologic function and stability
§ Thermal regulation
§ Energy expenditure

§ Skin integrity
§ Sleep facilitation

All impact growth and brain development.
40
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POSITIONING & HANDLING "
Benefits of Therapeutic positioning

Temperature
Infants placed prone have higher 

surface temps and narrow central-to-
peripheral temperature gradients.


Self-Regulation

Physiological flexion promotes self-
soothing. Which, in turn, supports 

autonomic stability.

Mobility
Flexed positioning promotes proper 

joint alignment and symmetry.

Nutrition
Infants placed in prone have lower 

gastric residuals.


Gas Exchange

SpO2 is higher in left-lateral and 
prone position than supine.  Preterm 

infants have more apneic and 
hypoxic episodes when supine.

41

POSITIONING & HANDLING "
Neuroprotective Interventions

Perform procedures “with” baby instead of “to” baby.

Use validated positioning assessment tool routinely
-i.e. Infant Positioning Assessment Tool (IPAT).


Greet baby gently prior to unexpected touch or 

procedure.

42
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POSITIONING & HANDLING "
Neuroprotective Interventions

Promote hand to mouth.
-For self-regulation

43

POSITIONING & HANDLING "
Neuroprotective Interventions

Educate Parents.
-About principles and techniques of positioning, 

containment and handling.

44
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POSITIONING & HANDLING "
Neuroprotective Interventions

Provide swaddling when bathing and weighing to 
promote calm, restful experience.

45

POSITIONING & HANDLING"
Neuroprotective Interventions

Provide swaddling when bathing and weighing to 
promote calm, restful experience.

46
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SAFEGUARDING SLEEP "
Core Measure 4

Sleep is critical to brain health at any age, but 
especially for the high-risk newborn.


Protecting it is a challenge in the NICU for many 
reasons – babies are almost always asleep, it is 

difficult to tell what stage of sleep they are in, and 
many sources of sleep disruption in the NICU are not 

entirely preventable.

47

SAFEGUARDING SLEEP "
Benefits of Neonatal Sleep

-Facilitates neutral maturation, thereby preparing 
infants to process and explore the environment with 

increasing sophistication.


-Memory consolidation of material presented with the 
infant was awake.


-Infants process sensory stimuli environment even 

while asleep.
48
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SAFEGUARDING SLEEP
Sleep Deprivation


Results in loss of neuroplasticity.

Loss of ability to adapt to environment.
Altered learning ability and behavior patterns.

Smaller brain structures.

49

SAFEGUARDING SLEEP "
Neuroprotective Interventions

Individualize cares based on sleep-wake states.
Assess signs of stress during clustered cares.

Use soft voice followed by gentle touch.
Facilitate prolonged STS to promote normal sleep cycles.
Minimum of 1 hour to complete a REM sleep cycle after 

procedure.
Promote a “Quietly Healing” environment for uninterrupted 

sleep.

50
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MINIMIZING STRESS & PAIN"
Core Measure 5

Multiple sources of stress in the NICU:
§  Extra-uterine environment

§  Noxious sounds
§  Bright lights

§  Painful procedures
§  Separation from mother

51

MINIMIZING STRESS & PAIN
Consequences of Stress
Increased energy expenditure
Impaired physiologic stability
Altered brain development


Consequences of Pain

Increased cortisol levels
Decreased immune function
Decreased neuroplasticity

Impaired learning and memory
52



5/9/19	

27	

MINIMIZING STRESS & PAIN"
Neuroprotective Intervention

Educate parents
§  Behavioral cues of stress/pain
§  How to provide comfort

Explain what you are doing to manage and 
prevent pain for their baby (i.e. containment 
hold, sucrose, etc.)


Involve parents in supporting infant during 
painful procedures.

53

MINIMIZING STRESS & PAIN"
Neuroprotective Intervention

Use validated and relatable pain assessment tool 
routinely.



Non-pharmacologic support for all painful 
interventions.



Sucrose moved closer to bedside.


Positioning, containment, swaddling, pacifier, sucrose.
54
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PROTECTING SKIN "
Core Measure 6

Premature skin has less layers and therefore, is 
more susceptible to inadvertent damage.

55

FUNCTIONS OF SKIN

Fat storage and insulation
Fluid and electrolyte balance

Barrier protection – penetration and absorption
Sensation of touch, pressure and pain
Conduit of sensory information to brain

56
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PROTECTING SKIN "
Neuroprotective Interventions

§  Bathe infants no more than every 72-96 h
§  Do full-body swaddled bathing when appropriate

§  Educate parents
§  Developmentally appropriate infant massage

§  Frequent, prolonged skin-to-skin holding

57

OPTIMIZING NUTRITION "
Core Measure 7

The experience of eating is a pleasurable human 
interaction that should facilitate bonding, support 

lifelong development and contribute to overall 
growth and nutrition.

58
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OPTIMIZING NUTRITION
32.2% of late preterm infants (35-36 6/7) with 
diagnosis of poor feeding (Wang, et al., 2004)


55% of preterm infants have problematic feeding behaviors 

by 6-18 months of age.


Infant feeding is a function of both maturation and 
experience (as is most of infant development, e.g., talking, 
walking) – they must be developmentally ready, and then 

have the opportunity to practice.

59

OPTIMIZING NUTRITION "
Neuroprotective Interventions

Feeds led by infant cues.


Ensure feeding is always a positive experience.
Focusing on the infant’s reaction to feeding rather than the 

volume taken.


Facilitate early, frequent and prolonged STS care.

60
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Summary of Neuroprotective 
Developmental Care "

Core Measures

What is neuroprotective care?
-Protecting and promoting typical neurodevelopment.

-Providing individualized, developmentally appropriate care.


Healing Environment
-Modifying the infant’s experience of the environment for 

recovery, growth, and development.

61

Summary of Neuroprotective 
Developmental Care "

Core Measures

Partnering with Families
-Restores parent-infant attachments and bonds.

-Empowers parents to be caregivers.


Positioning & Handling
-Gentle containment and supportive boundaries.

-Flexed positions and slow, gentle handling.

62
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Summary of Neuroprotective 
Developmental Care "

Core Measures

Minimizing Stress & Pain
-Reduces energy expenditure.
-Increases healing and growth.

-Protects brain from toxic stress agents.


Safeguarding Sleep
-Promotes healing and growth.

-Protects sleep cycles and supports brain maturation.
63

Summary of Neuroprotective 
Developmental Care "

Core Measures

Protecting Skin
-Skin to skin promotes brain development.

-Optimizes conduit of sensory information to brain.


Optimizing Nutrition
-Infant-Driven feeding is safest & has lasting 

neurodevelopmental benefits.
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“It’s an absolute human certainty that no one can 
know his own beauty or perceive a sense of his 
own worth until it has been reflected back to him 
in the mirror of another loving, caring human 
being.”
 - John Joseph Powell
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