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Objectives

1. Describe the key forms of brain injury in the preterm infant

2. Understand the impact of the environment and experiences 
in the NICU on brain development and outcomes

3. Describe the potential role of modification of the 
environment on neurodevelopment outcomes in the preterm 
infant
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Victorian Infant Collaborative Study Group (VICS) – 2 years of age

Cheong et al, JAMA Pediatrics, 2021
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Reinforcing the old - causes for 
adverse neurodevelopmental 
outcomes?

• Brain Injury

• Intraventricular Hemorrhage

• Cerebellar Hemorrhage

• White Matter Injury
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Data 2018-2022
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Intraventricular

Hemorrhage

Cerebral Immaturity

- Vascular immaturity

- Pressure Passive System
Metablic/Electrolytes

- Hypoglycemia

- Hypernatremia 

- Metabolic Acidosis

Inflammatory

- Chorioamnionitis 

- Sepsis

Respiratory

- Hypercarbia/Hypocarbia

- Hypoxia

- Increased Central Venous Pressure 

       - PPV and pneumothorax 

  

Cardiac –

- Hypotension (dopamine)

- Low cardiac output

- Volume expansion (cord 
clamping)

- PDA (prophylatic indocid)

Hematologic

- Anemia

- Thrombocytopenia

- Coagulation disorders

Delivery History

- Need for resuscitation

- Low Apgar scores
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Informed Vascular Physiological Care
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PHVD
Management of Post-hemorrhagic Ventricular Dilatation in the Infant Born Preterm.

El-Dib M, Limbrick DD Jr, Inder T, Whitelaw A, Kulkarni AV, Warf B, Volpe JJ, de Vries LS. 

J Pediatr. 2020 Jul 30:S0022-3476(20)30978-1.

https://pubmed.ncbi.nlm.nih.gov/32739263/
https://pubmed.ncbi.nlm.nih.gov/32739263/
https://pubmed.ncbi.nlm.nih.gov/32739263/
https://pubmed.ncbi.nlm.nih.gov/32739263/
https://pubmed.ncbi.nlm.nih.gov/32739263/
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When to Intervene?
Posthemorrhagic ventricular dilatation-impact on early neurodevelopmental outcome.
Srinivasakumar P, Limbrick D, Munro R, Mercer D, Rao R, Inder T, Mathur A.
Am J Perinatol. 2013 Mar;30(3):207-14.

https://pubmed.ncbi.nlm.nih.gov/22898993/
https://pubmed.ncbi.nlm.nih.gov/22898993/
https://pubmed.ncbi.nlm.nih.gov/22898993/
https://pubmed.ncbi.nlm.nih.gov/22898993/
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• This multicenter randomized controlled trial reviewed lumbar punctures initiated 
after either a low threshold (ventricular index of >p97 and anterior horn width of 
>6 mm) or high threshold (ventricular index of >p97 + 4 mm and anterior horn 
width of >10 mm). 

J Pediatr. 2020 Nov;226:28-35.
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2 Year Outcome

Early Intervention Late 
Intervention

Stat

Poor Outcome 
(Death, CP or BSID <-2SD)

25/60 (42%) 32/56 (57%) OR= 1.9 [ 0.9-3.6]

Mean Cognitive Score 98 95 NS

Cognitive Score < 70 8% 18% aOR= 2.4[0.7-8.7]

-126 enrolled  (64+62)
-109 Survivors
- 99 Had BSID
- 71% of infants tested cognitive composite score ≥ 85 

J Pediatr. 2020 Nov;226:28-35.
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When to Intervene?
ELVIS Early ELVIS late
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When to Intervene? J Pediatr. 2020 Jul 30:S0022-3476(20)30978-1.
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When to intervene in PHVD?
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Cerebellar hemorrhage

Cerebellar hemorrhage recognized in 2-8% on CUS of preterm infants
 and 15-20% on routine MRI studies.  Smaller CBH (<4mm) are only
 detectable on MRI.

Courtesy of Linda De Vries
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Cerebellar Hemorrhage

• More common in most immature infants/sickest infants

• Association with opiate use ?vascular autoregulation impaired

• Larger hemorrhage associated with cognitive, language and 
behavioral  abnormalities 
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Frontiers in Physiology
June 2019:vol 10:800
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White matter Abnormalities

• Terminology

• White matter cysts

• White matter punctate 
lesions

• Loss of white matter 
volume

• Diffuse high signal 
changes throughout 
white matter

Volpe JJ Lancet Neurology 2009;8:110-24
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White Matter Injury – visible on MRI

GRADE 1
Mild
25-50%

GRADE 2
Moderate
15%

GRADE 3
Severe linear scaring
2-5%

GRADE 4
Severe cystic
2%
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White Matter Injury

• Ischemia and Reperfusion Injury

• Similar vulnerability to IVH (common concurrent)

• Inflammatory mediated Injury

• Perinatal sepsis

• Postnatal sepsis

• Necrotizing Enterocolitis
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Nursing Intervention Bundle
561 infants <30 weeks gestation – two cohorts pre- and post-intervention

The Nursing Intervention Bundle consisted of:

1. Posture:

• a. Maintaining midline head position.

• b. Incubator tilted 15–30 degrees.

• c. Avoidance of head down position and sudden elevation of the legs.

2. Avoiding rapid intravenous/arterial flushes and rapid arterial blood withdrawal 
(<30 s).

The NIB was applied directly after birth starting in the delivery room and was continued during 
the first 72 postnatal hours. After 72 hours, all aspects of the NIB were still carried out with the 
exception that a prone position was allowed. The head was maintained in the midline when the 
infants were positioned in a supine position.
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Blood volumes and draws

• Adult 70 kg

• 5000mls

• Equivalent 250 mls 
(blood donor pack in 
60s)

• Intact autoregulation

• Preterm 500g

• Blood volume 50 mls

• Draw 2.5 mls 

(5% blood volume)

• Limited autoregulation
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Combined outcome
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Interventions in the 
NICU  and beyond



Department of Pediatrics



Department of Pediatrics

Cognitive Outcomes at School Age
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Pre-discharge appears more effective
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Early intervention services vary
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What else is happening to the brain of 
the preterm infant - alterations in 
brain growth and brain development?
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Brain Dysmaturation in Prematurity
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• 104 very low birthweight infants (mean GA 28 weeks)

• Human milk analysis of maternal milk (1775 samples - 38/infant)

• Association of greater protein intake (2g/kg/day mother milk vs 
1.1 g/kg/day) with larger brain volumes
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• Lower GA
• No antenatal steroids
• Lower 5 min Apgar
• Varied by NICU by 30pt
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• Disordered sleep and 
reduced quiet sleep is 
associated with adverse 
cognitive and 
behavioral outcome

• Marker vs causation is 
unknown
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The Developmental Effects of the 
NICU Single Patient Room 
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Study NICU

• ½ single patient rooms
• 168 square feet

• 3 walls; 4th wall is a sliding glass door

• Individualized lighting

• Parents can visit 24 hours a day

• Lounger at the bedside for parents to sleep on

• ½ open bay beds
• Approx 10-12 beds in 1100 square feet of space

• General lighting

• Screens can be pulled to bedside for privacy

• Parents can visit 24 hours a day

• Sleep rooms available just outside the NICU
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Follow up at age 2 years

• 86 infants (83%) returned for developmental follow-

up

• Mean (SD): 27.4 (2.1) months

• Associations between room type and cognitive, 

language and motor outcome were explored, while 

controlling for:

• CRIB score

• Cerebral injury

• Social risk score

• Family functioning
Alterations in brain structure and neurodevelopmental outcome in preterm infants 
hospitalized in different neonatal intensive care unit environments.
Pineda RG, et al J Pediatr. 2014 Jan;164(1):52-60.e2.

https://pubmed.ncbi.nlm.nih.gov/24139564/
https://pubmed.ncbi.nlm.nih.gov/24139564/
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*p=0.006 
  β= - 8
 (-14, -2)

*Linear regression; controlling CRIB, cerebral injury, social risk and family functioning

Language outcome
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Hemispheric Asymmetries

Single Patient Room Open Bay
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Auditory

• 24 weeks GA - all major elements of cochlea present

• 25 weeks GA - systematic response to auditory input

• 26-30 weeks GA - hair cells present responding to low 
frequencies and transmit to the brainstem

• 30 weeks GA -  auditory system is mature enough to detect 
complex sounds and distinguish between different speech 
phonemes to begin language and speech development

• By 35 weeks GA, auditory processing facilitates learning and 
memory formation 

• Implications for NICU: 

• Negative Auditory exposure – Alarms, Mechanical noise

• Lack of Positive Auditory exposure – Incubator, Human voice
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http://www.wired.com/images_blogs/wiredscience/2009/12/lena_3.jpg

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=6i6WTdgLH-26hM&tbnid=QuOZfzkI9XMW5M:&ved=&url=http%3A%2F%2Fwww.wired.com%2Fwiredscience%2F2009%2F12%2Fbaby-tracking%2F&ei=zHNrUYSHOeXxiAfuqYGIBg&bvm=bv.45175338,d.aGc&psig=AFQjCNGg9a7HSNB3r17uG3UjyKQ7y3HqmA&ust=1366082893394263
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Auditory Exposure in the NICU
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▪ Brigham and Women’s Hospital (BWH) 

▪ Carle Foundation Hospital (UIUC) 

▪ St. Louis Children’s Hospital (WUSTL) 
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Room Type vs Parent presence
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Infants response to parents
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• Total subjects n=181, mean GA 28 weeks, LOS 79 days

• Over their entire stay, infants received average 18 minutes/day of skin-to-skin care. 

• Families engaged in skin-to-skin care less than 2 instances/ week (M = 0.25, SD = 0.23)

• Infants from higher SES families experienced more skin-to skin care per day (M = 23.18, 
SD = 17.57), vs low SES families (M = 11.12, SD = 12.71) (t = 5.34 P < .001). 

• Families who visited more frequently tended to perform skin-to-skin care for more 
minutes/day.

• Skin-to-skin rate uniquely predicted 12-month neurodevelopmental scores after GA, 
SES, health acuity, and family visitation, with skin-to-skin rate accounting for 
approximately 6% unique variance. 

• A 1% increase in skin to-skin care was associated with 0.09-point increase in 12- month 
scores. Thus, on average, a 20-minute increase in the amount of average daily skin-to-
skin care was associated with a 10.09-point increase in scores on 12- month 
neurodevelopmental assessments, more than two-thirds of an SD increase

J Pediatrics 2024; 274:114190
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Sweden population

• 1 January 2020 - October 2021 

• 1483 EPT and VPT infants

• 22-31 weeks

• GA 22-24 weeks median 100 hours 
(4 days) time for first skin to skin

• GA 28-32 weeks >75% in first 24 
hours

• First 7 days average 3 hours/day

• NICU stay average 6 hrs/day

• Aimed to increase the early skin to 
skin AND the length of time skin to 
skin in coming year

Acta Pediatrica Volume111, Issue9 
September 2022 Pages 1715-1721

https://onlinelibrary-wiley-com.ezp-prod1.hul.harvard.edu/toc/16512227/2022/111/9
https://onlinelibrary-wiley-com.ezp-prod1.hul.harvard.edu/toc/16512227/2022/111/9
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The NICU:
 A Window of Opportunity?

The post acute NICU recovery period is a window of opportunity to 
therapeutically optimize infant development AND support maternal 
wellbeing/ family adaptation to enhance long term outcomes
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Impact of KMC on Maternal Mental Health

• Reduction in depression 

in the intervention 

(KMC) group was 

moderate: SMD=-0.38 

(-0.68 to -0.08; 95% 

CI; I 2=86%; P=0.013), 

but not in 3 studies on 

EPNDS.

• Trend toward lower 

anxiety and parent 
stress. 

Anwar et al Annals of Medicine & Surgery 
2023; Apr 12;85(6):2841-2848.
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The Neonatal Exposome - ”Early life Stress”

• Constructs of Volume (how much) AND of unpredictability

• Procedural stress and Pain

• How is pain assessed systematically?

• How are procedures balanced in justification?

• Environmental Stress

• Sound, light, alarms,

• Psychological Stress

• Deprivation and family separation
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• The program provides a deeper understanding of 

• observing infants' individual needs, 

• Improved communication with families,

• integrating parents in care planning and decision-making,

• and providing emotional support to parents. 
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• The adjusted LOS, the primary outcome, was 1.8 days or 6% 
shorter in the CC group than in the control group (95% 
confidence interval [95% CI] 0.89–1.00).

• Growth was better in the CC group compared to the control 
group: adjusted group difference 11.7 g/week (95% CI, 1.4–
22.0) for weight, 1.3 mm/ week (95% CI, 0.6–2.0) for length. 

• The CC group infants had lower odds of having any 
unscheduled outpatient visits compared to the control group 
(adjusted odds ratio 0.81; 95% CI, 0.67–0.98). 
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Conclusion

• Stress occurs in our very preterm infants and influences brain 
development and outcomes

• Occurs in three dimensions - procedural, environmental and 
psychological

• Quantity and unpredictability dimensions are both important

• Modified by parent presence and nurturing for all dimensions

• Implementation of change in NICU culture is challenging and 
requires resources, education, scalable interventions across a 
unit that can be measured

• Artificial intelligence may offer “Aura ring” like interpretation 
for an individual infant of markers of stress, sleep and 
resilience in the future
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Improving outcomes - with 
thanks
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