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Who's at risk?

* Term (HIE, seizures, respiratory failure, metabolic disease, CNS
infections, CNS malformations, late onset sepsis)
* Preterm (severe IVH, HIE, LOS, NEC)

Chawanpaiboon et al, Lancet Global Health, 2019

Guiding on timing of involvement to minimise
burden on personnel resources

Acuity of condition Time of pediatric Expected duration of
neurology evaluation neurologyinvolvement

Acute emergent conditions

Encephalopathy (HIE, TH) At admission 57 days

Seizures (clinical or At admission or recognition  3-7 days

electrographic)

Intracranial haemorrhage At admission or recognition 3-7 days, weekly F/U
(eg: PVHI)

Vascular malformations At admission or recognition 3-7 days with F/U as.
with neurologic needed
complications (AVM/

VoGM)

Perinatal stroke At admission or recognition 3-7 days with F/U as

Neuro-critical care

Dedicated neurological care, specialized neonatal medical and
nursing expertise, neuro-monitoring, neuroimaging,
neurodevelopmental care and long term follow up, allied
health (EIC), social work, clinical psychology

Aims: Reduce neurologicinjury and optimise long term
neurodevelopmental outcomes

Adults: improved survival and reduced hospital stay
Suarez 2006, Kramer 2014
Pediatrics: evolving and recent studies show promising results
Vavilala 2014, Pineda 2013

Published experience?

* UCSF (2008-2009): HIE (38%), seizures (35%), severe IVH
(14%) and brain malformations (13%)
* CcEEG (68%), aEEG (58%)

* Stanford (2013-2015): heart disease (30%), extreme
prematurity (18%), seizures (10%), and HIE (9%)
* CcEEG(35%), aEEG (45%), NIRS (69%)

* Majority not for neurological diagnoses but for medical illness
(>50% at UCSF and 62% at Stanford)

Guiding on timing of involvement to minimise
burden on personnel resources

Acuity of condition Time of pediatric Expected duration
neurologyinvolvement

Subacute conditions.

CNS infections without At recognition during 57 days
acute complications daylight hours

(seizures)

CNS malformations At recognition during 35 days
without acute daylight hours

complications (seizures)

Syndromes with associated At recognition during 35 days
neurologic sequelae daylight hours

Ventriculomegaly At recognition during 35 days

daylight hours.

Neonatal neuro-critical care

HIE and TH
Bedside neuro-monitoring techniques

Mulkey 2014, Bashir 2016, Van Meurs 2018, Harbert 2018

Framework for Neuro NICU team and guidelines for
monitoring and neurology consult
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HIE or use of TH aEEG, CEEG, NIRS Yes
Seizures aEEG, CEEG Yes

ECMO or preECMO. NIRS, aEEG As needed
Grade 3 IVH, PVHI, aEEG Yes, neurosurgery+
hydrocephalus

Crticially ill or unstable NIRS, consider aEEG As needed
Birth <28 weeks GA NIRS, consider aEEG As needed
CNs anomalies aEEG, CEEG Yes
Metabolic disease aEEG, CEEG As needed
Cyanotic congenital heart  NIRS As needed
disease

CNS infection aEEG, CEEG Yes
Symptomatic PDA NIRS As needed

ALTE aEEG As needed

Team?

MDT
Medical and nursing staff

behavioural pediatricians
Early support
Social workers

therapy, speech therapy
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Involving pediatric neurologists?

Single dedicated neonatal neurologist: significantly T number
of consults, reviews per patient, variety of diagnoses and use
of video EEG Mulkey 2014

Dedicated vs rotating neurologists?

Joint consultation is important

Neonatal neurologic examination

General assessment (temperature, vitals, head size,
fontanelle/s, sutures, scalp, swellings, auscultation, spine,
skin: hypopigmented patches: tuberous sclerosis, facial
hemangiomas: Sturge Weber syndrome, TORCH,
dysmorphisms, atrophy/hypoplastic orbicularis oris muscle,
arthrogryposis: congenital my. Gravis, myopathies, SMA)
Motor function

Cranial nerves

Reflexes (superficial, deep tendon and developmental)
* Sensory exam
Behavioural assessment

NNE: motor function

* Active tone
™
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Neuro-critical care at the bedside

Four domains: assessment, monitoring, protection and
development
Assessments: neurologic exam, Sarnat’s staging, pain and sedation
scores, additional by allied health teams, general movements
Monitoring: cEEG, aEEG, NIRS, neuroimaging
Neuroprotective strategies: integrate into ongoing care (IVH
prevention bundles, positive touch, parental interaction, FiCare,
skin-to-skin care, KMC, exposure to parental voice, music therapy,
appropriate positioning and i less
exposure to light and noise), parent education and empowerment,
palliative care team

Conde-Agudelo 2016, Reynolds 2013, Scala 2018, Caskey 2014, Webb 2015, Byers 2003, Shaw
2013, Peloguin 2016

NNE: motor function

Passive tone: New Ballard’s score: 28 weeks (popliteal angle,
scarf sign)

32-34 weeks: symmetrical, smooth, spontaneous movements

Term: common physiologic: fragmented myoclonus, facial
twitches, irregular respiratory movements

Sustained tremulousness beyond D4: cortical dysfunction

Intant ventral suspension

Assessment

* Neonatal neurological examination

* Reliable neurologic exam possible in first 6 hrs of life

* Factors affecting: passive tone and posture vary with GA

v Level of alertness (quiet sleep, active sleep, awake/ drowsy,
alert, crying)

v Experience of clinician

¥ Serial examinations

v Sedation from medications/ anaesthetics

v Hypothermia (including TH)

MNew Ballard score
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NNE: tone

* Hyper/hypotonia

Movement abnormalities: jitteriness, seizures, hemiparesis,
unilateralimmobile upper limb (brachial plexus palsy),
thoracic/ lumbar cord lesions (LL abnormal, UL normal),
persistent choreo-athetoid movements (bilirubin
encephalopathy, metabolic)
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NNE: cranial nerves

CN | and II: peppermint smell (32w), sternocleidomastoid muscle
function: difficult to test in neonate

CN II: blink to light (26w), fixation (32w), follow red cotton wool ball
(34w), Turn to soft light (37w), optokinetic stimuli (36w)

CN Il and III: pupillary light responses (35w)

CN ILIV, VI: Doll’s eye response (25w)

* CN V: tactile stimuli, corneal reflex

CN VII: blink eyelids

CN VIII: startles or blinks w.r.t sudden noise

CN V, VI, IX, X, XII: suck swallow

CN IX and X: difficulty in swallow, palatal movements, weak or
absent gag

CN XII: tongue deviation/ fasciculation

Sarnat staging for HIE
Stag Stage 3
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Heart rate Bradycardia Vanable
Respiration Periodic beeathing Aprea
Seizures Nowe Common Uncommon

Pain and sedation scoring (32-60w)

6.3.3 CRIES

NNE: reflexes

* Superficial (corneal, cremasteric, anal wink, Babinski:
physiological)

* Deep: from 33w (jaw, triceps, brachio-radialis, knee)

* Developmental
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Pain and sedation scoring (28-40w)

6.3.1 The Premature Infant Pain Profile (FIPP)
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Prechtl’s general movements

* Present at birth (writhing) for 6-9 weeks and then change to
fidgety (resolve by 20 weeks PMA)
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Pain and sedation scoring (23w-100 days)
NNE: sensory and behavioural 6.3.2 Neonatal Pain Agitation and Sedation Scale (N-PASS) Monitoring
* Sensory: tactile, pain :
* CEEG, aEEG, video EEG
« Behavioural: Newborn Behavioural Assessment Scale (NBAS)
27 behavioural responses and 20 reflex items Required fa— Comidervd
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Monitoring

+ Neuroimaging
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Positioning for success

Aim for containment, rather than restraint
Flexible enough to allow spontaneous movement, firm enough
to limit excessive activity

When possible, hands should be able to move towards
face/mouth for self-comfort
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Neuroimaging Safeguarding sleep IVH prevention bundle

Sleep Cycle Stages .

Ligtht transitional

More stable sleep.
Stage 2 wchod

senses making it

ccp.
Drowsiness sad decp begin difficult ta be woken.

90-120
min

Revitalizer memory. Deep sleep.
Intemse drenmn accur, 'm'r:-ilkbm:o(

« for infants <30 weeks GA for the first 72 hours of life

v" Maintain neutral head position with head of bed up to the
highest position

v" No daily weights until day 4

v" No holding or kangaroo care, but encourage parents to
provide containment (“hand hugs”) during this time as
tolerated

Neuroprotective strategies

Safeguarding sleep

Protect sleep cycles, and especially REM sleep
Use spontaneous awake periods for routine caregiving whenever possible
Allow rest periods of at least 60 minutes to complete a normal sleep cycle
Promote a quiet environment without loud noises to ensure
uninterrupted sleep

If necessary to wake up infant, approach using a soft voice followed by a
gentle touch

Protect eyes from bright lighting at all times and avoid use of overhead
spot lights.

Maintain dim ambient lighting between “cares”

Use narcotics and sedatives carefully, since both interfere with REM and
non-REM sleep

Facilitate prolonged skin-to-skin to promote normal sleep patterns

Positioning checklist

Shoulders softly rounded forward?

Hands towards midline, able to touch face/mouth if possible
for self-comforting?

Hips aligned and pelvis tucked?

Knees, ankles, feet aligned and softly flexed?

Neck neutral or slightly flexed, no hyperextension?

Head midline, or turned slightly right or left?

Avoid turning more than 45 2 to either side
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Positioning

* Prone positioning

v’ Select appropriate size bedding. If infant is between sizes,
use smaller size to prevent abduction of legs and
shoulders, and to allow shoulders and hips to flex around
the positioner

v Bottom of prone positioner should end around the
umbilicus

v' Avoid turning head to a full 902 angle by allowing it to

rest slightly off edge of positioner =

Handling with care

Intracranial pressure (ICP) is lowest when the head is midline
and the HOB is elevated.

Caution should be taken when changing diapers to prevent
sudden fluctuations in ICP when the feet are raised above the
head.

Important during the first several days of life for IVH
prevention, but should also be avoided throughout
hospitalization to minimize Gl reflux.

Avoid raising feet above head whenever possible

Slide new diaper under infant and lift slightly at hips to remove
old diaper

To clean diaper area, lift knees to the chest while supporting
the back and buttocks

Consider placing the infant on one side to clean buttocks and
diaper area

Protecting skin

Largest organ of the body, and makes up about 13% of weight
in a preterm, versus 6-10% of adult’s weight.

Sensory receptors (nociceptors) embedded at the dermal layer
detect and transmit messages about touch, pain, pressure, and
temperature.

Touch is the first of the senses to develop early in fetal life, with
sensory neurons found around the mouth and face by week 7,
and covering the entire body by week 20.

The foetus (and preterm infant) has more sensory nerve
endings than the adult, which are closer to the surface of the
skin.

Hands, feet, and mouth are especially sensitive to touch due to
the density of sensory nerve fibres

Handling with care

L
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Preventing increased ICP

* Suction (ETT, deep nasal/oral) only when clinically indicated

* Minimize pain and stress

* Flush and draw from umbilical lines very slowly (1 ml over 30-
45 seconds)

What can we do in NICU?

Role model use of gentle but firm touch, which is tolerated
better than stroking

Use care to minimize noxious touch to the hands, feet, and
mouth

Skin to skin care (KMC) provides an excellent means of
offering safe, nurturing touch

Apply and remove adhesives cautiously, as these are the
primary source of skin breakdown in the NICU

Handling with care

Rapid and unsupported movement (such as the “premie flip”)
triggers sensory distress and excessive motor activity, as
infants attempt to stabilize themselves to a fixed surface
during the vestibular disturbance.

What can we do?

Minimize stress and support autonomic stability during rest
and caregiving interventions by utilizing careful handling and
containment techniques.

Consider using a second person to assist with position
changes for intubated infants.

Whenever possible, avoid disturbing infants during sleep and
try to use spontaneous awake periods for caregiving.

If necessary to awaken infant, start with a soft voice followed
by gentle touch

Swaddled bathing

Minimising stress

Assess for stress cues, indicating need for containmentand a
pause to allow recovery

Assess for stability cues, indicating that it is safe to continue
caregiving or interaction

Provide nurturing touch whenever possible, especially after
caregiving or procedures

Safeguard sleep
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Cues

Stabili
Physiologie/Autonomie System

Maintains consstent color

| Sten Ik
Physiciogic/Autanomc System.
Apnes, beadyeardia

Golar changes (palior or cyanosis) Reductian of tremars
Teemars, starties, twitches Stable digestion
Gagging spitting up, straining i
Sneczing. yawning. hiccoughing Smoath, well-modulated tone
3 SyRENT0ACUS, st0th movements

Flaccicity (Lrunk, extremitics, ace) Grasping and hand to mouth sctivty

Hypertanicity, arching. i
Fingee splays, fisting Bebmaoral/State Systom
Facial grimace Clear, robust sleep states

*Rhythm, robust crying

“Aetive sell-quieting/censoling
Rapid movement alertness.
Fussing iritability Intent, animated facial expression
Glassy-eyed, staring. gaze aversion
Panicked, woried alertress.

Franti, dilfuse activy
Eshoviona/State Svstem

Secting boundries
HabHusting to repetiive stimlation by
. peom

Grasping

Partnering with parents

Discuss infant’s clinical condition and needs in a culturally appropriate, clear manner
Use active, empathetic listening with parents as they express their concerns and fears
Acknowledge and support where parents are in terms of the stages of grief and loss

Assist parents in accessing resources

Create a welcoming environment where parents know that they are valued

Allow parents to join in infant’s care to the extent they choose, whenever they desire
Encourage containment (“hand hugs") both during and after caregiving

If able to do so without awakening, allow parents to provide containment during sleep
Parents may hold “between” cares as tolerated, but stress the critical need for infant to
sleep as much as possible

Encourage parents to read to infant when awake to support language development
Promote skin-to-skin as soon as possible, as often as possible, for as long as possible
Empower parents to recognize and respond to infant cues appropriately

Explain that when dealing with infants, “the infant leads and the adult follows”

Help parents become competent in infant care, building confidence towards discharge
Support parents as they evolve into their roles as expert and advocate for their child

Team education and training

Didactic sessions and hands-on training

Neurologic examination skills, neuroanatomy, seizure
recognition and management, knowledge about common
neurologic conditions, aEEG application and interpretation,
NIRS application and interpretation, TH equipment use,
neuroimaging, neuroprotective bundles, palliative care and
long term follow up

Parent support group

Highly trained Neuro NICU educator!

Never forget!

* Managing pain (non-pharmacologic: containment, NNS,
sucrose, skin-to-skin, breastmilk, and pharmacologic
measures)

* Optimising nutrition

Nurturing environment

Temperature
Touch

Vestibulo-stimulation/ proprioception (KMC)
Taste and smell

Sound and noise (cochlear cell damage when >85Db): aim
<45Db

Lighting and vision

Team education
Checking annual competence of nursing and medical staff
Development of guidelines, checklists and training modules

Significant reduction in time to initiate monitoring, increase in
electrographic seizure detection, decrease in clinical seizure

misdiagnosis, reduction in seizure medication burden
Von Meurs 2015

Parents as partners

Components of Comprehensive Family
Support in the NICU

Faiy
Centored Mental Health
Developmental Professionals
Care.
porriopeer
& Family Support
fe— Jetmire s

Lighting and vision
Protect sleep, especially REM sleep

Use adjustable lighting at each bedside, strive towards a day/night

cycle for the NICU

Use minimal amount of light needed to accurately assess and
manage infant

Consider the use of penlights and flashlights whenever possible

Protect eyes from direct light during assessments, rest periods, and

after pupil dilation for ROP exams

Use heavy incubator covers to limit excessive light exposure during
sleep, underside of these covers should be solid and dark colored to

minimize unnecessary visual stimulation
Limit visual stimuli early on, with focus on parent’s faces

Advances in neuro-critical care

TH for HIE
4 large trials of TH, 33.5 deg C for 72 hours... reduced risk of death
or moderate-severe disability at 2 yrs

Gluckman 2005, Azzopardi 2009, Simbruner 2010, Shankaran 2005
NNT: 7 to spare 1 child death or moderate-severe disability
2010: Neonatal task force of ILCOR supported TH for HIE
Most TH centres use: evidence based protocol (92%), neurology
consultation (92%), aEEG or EEG (88.5%), MRI interpreted by
paediatric iologists (71%), follow-up
(93%).... California
Critical to offer: a EEG (70%), MRI (69%), OT and PT (67%) and
developmental follow-up (94%), minimum of 10 HIE patients/year

Harris 2014, Wusthoff 2018
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Improve screening for HIE

 Qlinitiatives

* CPQCC (California Perinatal Quality Care Collaborative) toolkit
since 2015

* Transfer of neonates needing TH from regional and peripheral
centres

* Factors a/w ineffective screening: lack of cord or neonatal
blood pH or base deficit measurements, delay in call for
transfer (2.4 hrs for those with HIE who received TH vs. 12.6
hrs for those with HIE but not treated), annual volume of
births (<500 births/yr: only 69% eligible were transported for
TH)

* 0Ongoing education is IMPORTANT

CPQCC toolkit
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Applications beyond NICU

Neurocritical care of high-risk infants during inter-
hospital transport

CPQCC toolkit
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HIE Caleulator {Cool Toal)

Improving seizure detection and management

Most seizures subtle and all abnormal movementsare not

seizures

Continuous video EEG is gold standard

Unclear whether management of seizures improves outcome,

but ongoing seizures worsen brain injury and affect outcomes
Willer 2002, Isaeva 2013. Kharoshankaya 2016

Use standardized protocol driven treatment improves

consistency and outcomes

Reduced exposure to anti seizure medications improved

feeding and hospital length of stay outcomes

Lower risk of epilepsy in later age when managed by a neuro-

critical service
Glass 2018

Key messages

Improved neonatal care, routine surfactant use, antenatal steroids,
antenatal magnesium sulphate

Survival without disability is the ultimate goal!

Neuro-critical care is an emerging concept in neonatology but
reiterated through HIE related therapies

Providing safe, evidence based neuro-critical care is an important
strategy to achieve optimum outcomes for high-risk infants and their
families

Field B 2008, Lemons 2001, Fanaroff 2007, Bode 2008, Horbar 2012, Costeloe 2012

CPQCC toolkit

proving logic care and
infants

for preterm

Antenatal steroids and magnesium sulphate

Mercer 2006, Roberts 2017, Scmid 2013, McLendon 2003
Delivery at a tertiary perinatal centre
Golden hour management (platinum phase)
Head position, rates of drawing blood and volume
administration, ventilation strategies with avoidance of hyper
or hypo carbia, temperature control, BP management, low
stimulation environments, reduction of prematurity related

complications (BPD, NEC, LOS)
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Specialised area in NICU

(Small Baby Units) - . pe—
——

Thanks for

listening




