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ABBREVIATIONS

Bayley Il Bayley Scales of Infant and Toddler Developmedteglition
HNNE Hammersmith Neonatal Neurological Examination

NNNS Neonatal Intensive Care Unit Network Neurobehavioral Scale

MLPT Moderateto-late preterm

[Abstract

AIM To examine the association betweswborn neurobehavioural assessments and
neurodevelopmental outcomastwo yearsin infants bornmoderatgo-late preterm
(MLPT).

METHOD..201MLPT infants (born 320 36+6weeks gestation) were assessed with
the Hammersmith Neonatal Neurological Examinat{etNNE) andNICU Network
Neurgbehavioral ScaléNNNS), with subgtimal performance defineds scores
lower thanthe 10th centile Development was assessedved years’ corrected age
with"the Bayley Scales of Infant and Toddler DevelopmedtElition, with delay
defined as score¢ess thanl standard deviation(SD) below the mean The
relationships between neurobehaviour at term and Bdlleggnitive, languageand
motorscalesat two yearswere examined usingnearregression

RESULTS Increased odds for cognitive delay were associated sutigtimal
HNNE ‘total scoregodds ratio [OR] 2.6695% confidence interval [CI] 1.146.23,
p=0.020). andsubgtimal NNNS excitability (OR3.01;95% CI1.33-6.82p=0.009
and lethargy(OR 4.05; 95% CI 1.759.31, p=0.00]) scores Subgtimal lethargy
scoresronsthe NNNS were associated with incoeasiésof language QR 5.64; 95%
Cl 1.33=23.85p=0.019) and motor delay (OR: 6.86; 95% CI 1.64—-28%0,08.
INTERPRETATION Subgtimal performance onspecific aspects ohewborn
neurobehavioural assessmemsassociated witmeurodevelopmentalelay at two
years in children born MLPT.
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Predictive value of motor assessments in preterm childiinia Spittle et al.

What this paper adds

e PRoorperformance on the lethargy and excitabsitglesof theNICU Network
Neurobehavioral Scal®&(NNYS) is associated with worse cognitive outcomes
at'two years in infants born moderatelate preterm (MLPT).

e Poor performance on thdammersmith Neonatal Neurologidakaminations
also.associated with worse cognitive outcomes at two years in infants born
MLPT.

e Poorperformance on tiMNNS lethargyscaleis associateavith motor and

language delagttwo yearsin infants bornMLPT.

[Main texi]
Worldwide there is a growing number of infants born preterm (<37 weeks’ gestation)
who agcount for 11% of all births.Lower gpstational ageat birth is related to
cognitive, behavioy and motor impairments during childhood, with the severity and
range of impairments increasiaggestational agat birthdecrease$ The functional
implicationsef these impairments inclug®orer school performance and increasing
need_for. special edudan.® While the incidence of neurodevelopmental impairments
in infantssbermMmoderateto-late pretermNILPT; born 32to 36+6 weeks’ gestationis
lower than peers born very prete(a82 weeks’ gestationjhe rateof MLPT birth is
much greatet Thus,MLPT birth potentiallyplacesa significant burdeon the health
systempAot only in the neonatal period but also throughout childfidod.

At termrequivalent ageinfants bornMLPT have poorer brain growtand
maturationas seen via magnetic resonamaging(MRI), compared with peers born
at term?™® Despite thee difference in neuroimaging findings between MLPT and

termborn infants, rates of periventricular cysts, intraventrichlaemorrhage, and
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ventricular dilatation which are predictive of cerebral palsy and other adverse
neurodevelopmental outcomémve been reported to v in both groupé.It is not
feasible to offer neuroimaging to all MLPT infants givenithiarge numbes;
therefore, it is important to have other clinical indicators to identify those miosk.at
Neonatal neurobehavioural assessments peowpportunity for parental
education targeting of followup servicesand referral to early interventiGrSeveral
reviews have identified théHammersmith Neonatal Neurologic Examination
(HNNE)® and the Neonatal Intensive Care UgitICU) Network Neurobehavioral
Scale (NNNS) as being validand reliableassessments of neurobehaviourtlie
newborn_period® Compared with peers born at term, children born MLPT hese
trunk and/eg flexor tonegnd poorer head control and quality of movemshortly
after birth anébr at termequivalent agen the HNNE™™! On the NNNS, MLPT
infants have poorer arousal, regulati@hargy andquality of movementand higher
rates ofnorroptimal reflexes, stressnd hypotonicity*'? However, it isunclear
whetherthese early neurobehavioal alterations seefn MLPT infants, who are
consideredat low risk of adverse neurodevelopmental outconuesnpared with
infants'bornvery preterfhareassociated with lonterm neurodevelopmental delays
Therefoe, the aim of thisstudy was to examine the relationship between
neurobehaviour at termquivalent ageand neurodevelopmental outcomestab

years in a prospective longitudinal cohort of infants BaiPT.

METHODS
Participants
Between November 2009 and November2®01infants borrMLPT (bornat 32 to
36+6 weeks gestation) were recruited from tReyal Women’s HospitaMelbourne,
Australia*!! Havingone parent who could speak English (funding was not available
for interpreters)was an inclusion criterion.nfants wereexcluded if they ha& a
congenital=abnormality known to affect neurodevelopmental outcohfesHuman
ResearehEthics Committees of the Royal Women’'s and the Royal Children’s
Hospitab®in,Melbourneapproved this study and parents proviaeitten informed
consentdr their chid to participaten the study.

Perinatal datavere recorded during the neonatal period by a research nurse
including gestation at birth, sex, birthweigtgtandard deviation SD) z-score

(calculated according tgestational agand sex using the British Growth Reference
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norms)*® multiple birth, use of antenatalcorticosteroids and whether the infant
received respiratory suppofithe Social Risk Index* comprisng six aspects of social
status(family structure, education of primary caregiver, occupadiod employment
statusof primary income earner, language spoken at hame maternal age at birth)
wascollected andised to categaré the infantsashigher(>1) or lower social risK0
orl).

Term-equivalent age assessments

At termequivalent age (3814 weeks postmenstrual age) participants were asked to
return for a followup visit at the Royal Children’s Hospital where they completed the
HNNE @nd the NNNSThesetwo standardied neurobehavioural assessments were
chosen bectause they provide complementary information regarding the infant’s
neurodevelopmenand could be completed together within 30 mindt&$ One of

five trained assessors who were unaware of the infant's previous assessments and
masked, to the infant’s clinical history administered the NNk, followed by the
additional.items needed to complete the HNNE scoring (tendon reflexes, aragand |
traction), All.assessors were certified in the NNNS examination and had done training
on the HNNEbeforethe commencement of the study. Iatater reliabity for both
assessments wascellent (intra class correlation: 1€Q.80)for all subscalesxcept

for HNNE tone patterns (ICC=0.54) and NI$Nasymmetrical reflexes (ICC=0.67)
Infants_ were assessed in a standadli manneraccording to the assessment
procedureswith the infants minimally dressed in a warm, quiet room with the parents

or caregivers present.

Hammersmith Neonatal Neurologal Examination (HNNE)

The HNNE.is aneurological examination that wdsveloped fouse with bothterm
and pretermginfantsn the newborn periall It consists ofsix subscales (tone, tone
patternsy=reflexes, spontaneous movements, abnormal neurological aigghs
behaview) and a total scoreThae are34 items, with a maximum possible of one
point peritemwhich aretotaled to provide an overall optimality scoas, well as the
Six sulscalescores. Theoverall optimality scorewas designed primaly for use in
research anabriginally was validated on 224 lowisk term infantsfrom England
assessed betweeh and 48 hoursafter birth.° Our research tearhas published

optimality scores based upon 200 healthy children born at term and assessed between
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38 to44 weeks’ gestation using tlsame scoring principlés These locabptimality
scores were usdd identify participants withsubgptimal scoresn the currentstudy
(defined as<1th centile), as the original cupoints created by Dubowitt al were
based on infants within the first 48 howafter birth® and may not be directly
applicable*to oupopulation,who were assessed much later. Thus, local norms are

recommended when possibfe.

Neonatal Intensive Care Unit Network Neurobehavioral Scale (NNNS)

The NNNS. assesses neurological function, behsaioorganzation and stress
responses iigh-isk infants’ It consists of 45 items administered to the infara
statedependent standamtid sequence, along with observations of the infant's
behavioural responses during the evaluation, totaling 115 iweersll These items
correspond tdl3 summary scaleof which we used 12yith the habituation scale
excludedbecausehe majority of infantsverenotin the appropriateehaviouraktate

(i.e. not.asleepat the commencement of the assessment. Higher smoesch of the
scalesrepresent mre of the construct being measured, with higher scores for the
attention, ", quality of movementand regulation scales representing better
neuobehavioural performance, whildigher scores on handling, roptimal
reflexes, asymmetrical reflexes, hypototyicihypertonicity, excitability, lethargy,
arousal and the stress/abstinence scale represent poorer neurobehavioural
performance’ Infants’ performance on eachcalewas clasified as‘optimal’ or
‘subgptimal’ basedon the sameterm cohort used forthe HNNE classification
‘Suboptimal’| classification was given te@a@eslower than the 1@h centile on the
NNNS atention, quality of movementand regulation scaleand to scoregreater
than the 9th centile for handling, noroptimal reflexes, asymmetrical reflexes,
hypotonicity, hypertonicity, excitability, lethargy, aroysahd the stress/abstinence

scales

Outcomemeasures

Bayley Scales of Infant and Toddler Developmen®d edition

At two years’corrected agsshildren were invited for a furthéollow-up appointment

at the Ryal Women's or Royal Children’'s Hospital, Melboure, where
neurodevelopmeat outcome was assessed with the Bayley Scales of Infant and

Toddler DevelopmenBrd Edition (Bayleylll) by a psychologist trained in the
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Bayleylll and unaware ofthe child’s perinatal historyThe Bayleylll is a valid,
reliable andstandardied measure of developmehtlelay™ It comprises three index
scores (1) the cognitive index which provides an estimate of general cognitive
developmenbased on nonverbal activities involving memory, problem sohand
manipulation; (2) the language composite which has expressive and receptive
subscales and @) the motor composite \ich has gross motor and fine motor
subscalesAge standardied scores were calculatédr each indexusing thetest
manual,with local reference data used to clasgihjldren as havinglevelopmental
delay, defined ascoresmore thanl SD below the mear(cognitive scale: mean
108.9,'SD 14.3;dnguage scaleneanl108.2,SD 14.8 motor scale: mean 118.8D
16.7). %4 ocal reference dataereobtained from 220 terrhorn infants anavere used

to define delay in the current studgcause ofonerns with the Bayleyll test norms

underestimating developmental def&y’

Statistical analysis

Data were@analged using Stata version 14StataCorp, Texas, USA)The
relationshipsbetween HNNE & subscales andhe total score) and NNNS (12
summaryscdes) scores at ternand Bayleylll cognitive, language compositend
motor composite scorest two years were examined using linear regression fitted
using generated estimating equation® allow for clustering of multiple births.
Logistic regressin, also fitted using generated estimating equationsvas used to
examine the association between bedhassified assuboptimal onthe HNNE and
NNNSand havinglelay on the Bayleyll cognitive, languageor motor scaleat two
years Results are reported as regression coefficients or odds ratios (OR) and their
95% confidence intervals (CIAIl analyses were repeateadjusting forage at term
assessment,’ social risk statwsd sexas potential confounderdecausethese

variablesthaye been shown to be independently related to neurobefta¥ibur.

RESULTS

A total of 201infants bornMLPT were recruited during the first weeilfter birth
with neurobehavioural assessments gpttexch for all infants. There were 1788ants
born MLPT admitted to the Royal Women’s Hospital, Melbourne during the
recruitment period. We did not approach all infdbe#sauseve had to limit the rate of

recruitmentas a resulof workforce issues, including accessibility tetMRI scanner
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at termequivalent ageOf the 201 187infants had compte data folboth theHNNE

and NNNS(Tablel). The perinatal characteristics were similar between infants who
did and did nothave completeHNNE and/or NNNSdata,with the exception that
gestational age at time of the term assessmashigher for those with missing data.
Of the 14infants who did not have a complete neurobehavioural assessment,
infant was too unsettled to commence the assessment and theimgrad missing
data(due to the infant beinop aninappropriate behaviouratate to assess ooding
erron.

At 24 months, 197 childre(®8% follow-up) were assessedlith the Bayley
l; 19%, 190 and 194 completed the cognitive, languageand motor scales
respectivelyOf note, the language scale was not administered on infants who did not
speak English at hom@wo infants had cerebral palsy, one with hemipld@eoss
Motor Function Classification System [GMFCGSJevel I) and one with gadriplegia
(GMFCSlevellll).

The means and SD for the HNNE, NNN&d Bayleylll subscales are
reported.in.Tabldl. Overall, 5% of MLPT infants scoredsubgtimally on the
HNNE ‘total_scorewith 31% subetimal for excitability, 20% forlethargy,26% for
regulation,31% forarousal and36% forstresson the NNNSat termiequivalent age.

At two years 19%, 36% and 42%of those assessed scoradre tharll SD below the
mean and &6, 4% and 86 scoredmore than 2SD below the mean for cognitive,

languageand motor scales respectively.

Cognitive outcomes

There wasvidence ofelationshipsbetweencontinuous scores fareveral suscales
and thetotal scorefor the HNNE (Table Ill) and severalNNNS summaryscales
(Tablel\.). with outcomeson the Bayleyll cognitive scaleusing continuous scores
Better (higher)scores for spontaneous movements, abnormal ,siggigviour,and
total seore=0n the HNNE analttention and regulation scales the NNNS were
associated with bettehigher) cognive scoreswhilst poorerscores for the NNNS
excitabilityplethargy and arousasummaryscales were associated with lovp@orse)
cognitive scoresAfter adjusting for age at time of assessment, socia) aisé sex,
the direction of the results remaindgt samghowever, the magnitude and strength
of evidence for the relationships decreased. After adjustment, there was evidence that
the HNNEabnormal signs (cefficient: 3.00; 95%CI| 0.215.79,p=0.035), behaviour
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(co-efficient: 1.40; 95% CI 0.642.79,p=0.048), and total score (cefficient: 0.62;
95% CI 0.0%1.22,p=0.045) and NNNS attention (a@dficient: 1.52; 95% CI 0.24
2.80,p=0.020), seHregulation (ceefficient: 2.52; 95% CI 0.734.34,p=0.007),and
lethargy (ceefficient: —=1.17; 95% CF1.89 © —0.44,p=0.002) summary scales were
correlatedwith the cognitive scores.

Sub@timal scores for the HNNE spontaneous moves¢dR 3.13; 95% CI
1.29-7.6p=0.012), abnormal signs (OR: 2.58; 95% CI +3.81,p=0.016) subscales
and HNNE total scoreOR: 2.98; 95% CI 1.426.27,p=0.004) were associated with
increasedddsof cognitive delay on the Baylayl (Fig. 1). The relationships were
generally weakenfter adjustmentwith only the HNNE total scores independently
relatedsto’ cognitive outcome (OR 2.66; 95% CIl 38.23 p=0.029. The tone
patterns subscale was excluded from Figure 1, as there were no children with
suboptimal tone patterns with cognitive, language, or motor delay.

There was evidence of a relationship betwsebgtimal NNNS scores for
excitability (OR 3.42; 95% CI 1.67.02,p=0.001), regulation (OR.15; 95% CI
2.47-10.75,p<0.0001),and arousal (OR 2.14; 95% CI 1-8440, p=0.038) and
increasedodds of cognitive delay (Fig 2). After adjustmentonly the NNNS
excitability ©OR 3.01; 95% CI 1.33.82,p=0.008) and regulation (OR 4.05; 95% CI
1.75-9.314p=0.001) scales remained associated with increasks$ of cognitive

delay.

Language outcomes

The only evidence farelationshig with continuous scores of thigayley-lll language
composite \@sfor the nonoptimal reflexescale of the NNN$TablelV). There was
evidence ofthis relationship (ceefficient: 0.92; 95% CI 0.221.62,p=0.010) dter
adjustment_for confounder§Sub@timal performance on the letharggale of the
NNNS was associated with increddanguage delay (OR 5.64; 95% CIl 1-23.85,
p=0.019)==There was little evidence of relationships between the HNNE and the

language composite of the BaylHy/-

Motor outcomes
There wadittle evidence ofrelationshig between the HNNEnd Bayleylll motor
composite. For th&dNNS continuous scores, thereere no relationship with the

motor composite on the Baykly for both unadjusted and adjusted analyses.
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However, subptimal performance on the lethgrgcale of the NNNS was associated
with motor delay (OR 6.86; 95% CI 1.628.71,p=0.0@B) with the relationship

remaining similar after adjustment.

Discussion

This study has shown that neurobehaviat termequivalent ageassessed with the
HNNE "and NNNS is associated with cognitivelevelopmentassessed with the
Baylewlll attwo yearsin infants born MLPTHigher (betterHNNE total scoresire
associated,with higher cognitive scores on the Ballewhilst those infantswvho
have aHNNE total score in thesubgtimal range on the HNNBave threetimes
higher gdds ‘efhavinga cognitive delay, even after adjusting for age at assessment,
social risk and sex The behavioually focused scales on tHéNNS, including the
attention, regulationand lethargyscales, were also associated with cognitive
development atwo years with sub@timal excitability and regulation scale scores
associated with deast athreetimes higheroddsof cognitive delay, after adjusting
for importantpredictors of outcont&!’

The, relationship betweerearly neurobehavioural assessments and language
developmentt two years are less clear. Whilst there veaglence ofan association
between_theNNNS nonoptimal reflexes scaleand the language compositée
direction of the relationship was in the opposite directiaimadexpectedThis could
be due_to typé error with multipleanalysegerformed Furthermorethere was little
evidence of this relationshizwhen the cubff of the 9@h centile was usedThe
lethargy subscale of the NNNS was related to both motor and cognitive leédenys
with sub@timal lethargy scores on the NNNS have poor orientation, lovuescle
tone, poor alertnes@nd poor head control with pull to sit during their newborn
examination) These are important components of a clinical assessment and a key
findingrefithis study is that these patterns of behavawe related to increased risk of
motor andslanguage impaient.

Therewas little evidence oany otherrelationships between the HNNE and
NNNS at'term and motadevelopmentt two years in infants born MLPT. This
most likely due to the low rate®f major brain abnormalities on neuroimaging
reported in thisohort! Further, we have classified motor delay using aofuiof 1
SD below the meanas this is a relatively lowisk cohort Stephens atl. found the

NNNS handlingguality of movement, hypotooity, and stress scales were associated
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with motor scores on the 2nd edition of the Baydewleausing a cuiff of more than
2 SD below the mean in a sample of 395 infants lb&fore36 weeksof which 5%
had cerebral palss.

We foundthat only 86 of infants bornMLPT had subptimal behaviouron
the HNNEat‘termequivalent agewhichis lower than the expected rate of 10% in the
termborn populatiort> Whilst it may be expected thanfants bornMLPT would
perform worg than their peerdorn at term these findings are consistent with
researeh involving infants bomretermcompared with those born tdrm that has
reportedgreater variaiity in visual behavioumat termequivalent agewith more
preterm,infants able to follow in a full circle than tedsorn fultterm.These findings
are most likely because oinfants born MLPT having more opportunities for visual
experierices compared with infatiorn at termassessed at the same gestationaf age.
Nonetheless; our study has shown that infants BT who havebetterbehaviou
at termequivalent agen the HNNEor in regulation andattentionon theNNNS have
better cognitive scores, whilst poorer behavion the NNNS lethargy, excitability
and stress.scales is associated with lower cognitive scores

The, NNNS requires speciaked training by the administratorand takes
approximately 2@o 30 minutes to administeplusadditional time for scoring. It was
initially designed for the large multisit®aternal Lifestyle Study which required an
assessmemwith excellent reliability and sensitivity to detetfferences ima range of
behavioural domainS.Whilst the training andadministrationtime may limit the
clinical utility of the tool in some settings, it offers an opportunity to asaass
infant’s neurabehawour in detail which can be important for tailorinigterventions
for those_at risk Several studies of very preterm infants have shéhat some
domains ofearly neurobehaviour assessed with the NNIN§udingattention, stress,
lethargy,..hypeonicity, and noroptimal reflexes are affected by the NICU
environmentstressor developmental suppairt infants born very preterff.Further
researchoensinterventions with a focus othe environment, stress reductioand
developmental care arevarranted in infants born MLRETgiven that early
neurobehaviour on the NNNS is associated with outcoriveoatears.

The HNNE can be completed in approximately 10 minaie$ requireso
formal certification processalthough training is recommended wih experienced
user and a manual is availaBl@he HNNE was designed to be used by health

professionalsn routine clinical evaluation of newborn infants and therefore needs to
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be both quick aneéasy toadministerandscore> Our studyhasdemonstratechtt the
optimality scores are useful not only when used within the first 48 hours as previously
reportedf, but also when used from 38 44 weeks’ gestation in infants born MLPT.
Our study has shown thaie total score of the HNNEather than subscalemes
aloneywas=most strongly related to cognitive outcomis is consistent with
previous findings using the HNNEhere abnormalities in neonatal neurological
exaninatiors are often global and napecific, with isolated findings such as
abnormal reflexesot related to outconm&>

The strengths obur study include the use of a longitudinal prospective cohort
with a'local/normative dataet used for classification @ubgtimal performance
along with"éxcellent followup rates™'® All assessors wereaskedto the child’s
clinical histéry which has been a limitation of previous reseaktbwever,our study
does havesome limitationsOur study has purposefully not examined the specificity
or sensitivity of the HNNE and NNN®ecauset has been recommended tlilagy
arenot'used as diagnostic tools in clinical practice. Rathege assessments offer the
opportunity-/to identify those at increased risk of later neurodevelopmental
impairmentsand to target those infants baLPT who require further followup?
Further,we have conducted multiple comparisonkich increases the risk of chance
findings, k=would be beneficial tdollow up these children longaerm as the
predictiVeé Validity of the Bayleyil is moderatdor schoolageoutcomes®?*

Our studyhas important implications for both clinical and research practgce,
we have shown that two neurobehavioural assessment tioel5INNE and NNNS
are associated with cognitive outcomes tab years in MLPT infants.The
standardigd clinical examinationsonsidered in this studgrerelatively low-cost(in
comparisonwith MRI), noninvasive methosl for identifying infants at risk of
cognitive .delay. Early detection of MLPT infants with developrakmielay is
important-tofacilitate early intervention and optimize outcomis this vulnerable
but sizeable‘populatiofi
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Table I: Charateristics ofthe study sample

Perinatal characteristics Study sample Infants with missing
n=197 datan=14
Birthweight (g)— mean (SD) 2161 (463) 2160 (319)
Gesttionalrage (weeks)mean (SD) 34.4 (1.2) 34.2 (0.9)
Male gendern (%) 96 (48%) 10 (63%)
Multiple birth—n'(%) 74 (37%) 8 (50%)
Antenatal corticosteroidsn (%) 121 (60%) 7 (44%)
Respiatory distress at birth n (%) 28 (14%) 3 (19%)
Smell for,gestational age n (%) 20 (10%) 1 (7%)
Higher social risk- n (%) n=195 66 (34%) 6 (38%)
Gestatignal.age at terrssessmentveeks- 41.5 (1.4) 42.2 (1.9)
mean (SDn=200
Gestatimalage at 24 month assessment, 25.3(1.3) 25.3(1.3)

months-mean (SDn=197

SD, standardsdeviatian

Table II; Means, standard deviations, and percentag&arfts withsuboptimal

assessments at terequivalent and two years of age
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Term Assessment n Mean SD Suboptimal—n
(%)

HNNE Tone 197 8.52 1.40 53(27)
Tone patterns 197 4.42 047 15(8)
Reflexes 193 5,53 0.63 17(9)
Spontaneoumovements 194 2.43 0.64 27 (14
Abnormal signs 196 2.53 0.57 46 (23
Behaviour 194 6.17 0.97 14 (7)
Total 189 29.7 2.64 48 (29

NNNS Attention 179 552 1.18 17 (10)
Handling 182 0.59 0.29 14 (7)
Excitability 187 420 2.59 58 (3]
Lethargy 187 3.24 1.83 37 (20)




Regulation 187 5.28 0.88 51 (26)
Arousal 187 4.42 0.63 58 (31)
Stress 187 0.15 0.07 68 (36)
Quality of movement 187 4.69 0.73 50 (27)
Hypertonicity 187 0.10 0.38 14 (7)
Hypotonicity 187 0.14 0.40 24 (13)
Reflexes-asymmetrical 187 1.04 1.12 19 (10)
Noer-optimal reflexes 187 4.48 2.25 16 (9)
Two year assessment n Mean SD Delay—n (%)
Bayley==Cognitive 196 1025 13.9 37 (19)
Language 190 99.1 17.7 68 (39
Motor 194 103.5 16.0 82 @42)

SD, gandard-deviationrHNNE, HammersmittiNeonatal Neurological ExaminatipNNNS,

NICU Network Neurobehavioral Scale
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Table Il : Associations betweddammersmith Nenatal Neurological Examinatiomilgscale andbtal scoresat termequivalent agand Bayley-

lIl cognitive, language, and motor compositeres at 2 years age

Cognitive Language Motor
Subscale n Coeff 95% CI n Coeff 95% CI n Coeff 95% CI
Tone 193 0.57 -1.20,2.34 186 1.64 -1.54,4.83 190 1.07 -0.73, 2.88
Tone patterns 193 054 443,335 186 -1.80 -9.78,6.17 190 -1.49 -7.07,4.10
Reflexes 189 1.86 -1.20,4.85 182 0.34 -3.52,4.18 186 0.60 —2.65, 3.85

Spontaneousiovements 190 2.99 0.37,5.60 183 -0.88 —4.38,2.62 187 -2.20 -4.85,0.44

Abnormal‘signs 192 354 0.23, 6.85 185 -0.76 -5.39,3.87 189 221 -1.96, 6.38
Behaviour 190 1.98 0.49, 3.46 183 -1.30 -2.92,3.12 187 -0.21 259, 2.17
Total 185 0.79 0.07,1.52 178 0.23 -0.88,1.36 182 0.19 —0.60, 0.98

Results presenteste from unadjusted linear regressinadelswith higher scores representing better performabegandard deviationCoeff, coefficient;

Cl, confidence intervabold text refers te values <0.05
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Table IV : Associations betweedICU Network Neurobehavior@calescores atermequivalent age anBayleylll cognitive, language and

motor compos# scores at 2 yeaof age

Cognitive Language Motor

Subscales n Coeff 95% ClI n Coeff 95% ClI n Coeff 95% ClI
Attentiorf 176 1.92 0.59, 3.25 171 0.55 -1.39,2.48 | 173 1.17 -0.82, 3.16
Handling 179 -3.14 -9.5, 3.25 174 | -2.58 | -10.47,5.30| 176 | -6.11 -15.4, 3.20
Excitabilityb 184 -0.69 -1.29,-0.09 179 0.11 -0.67,0.90 | 181 | -0.72 -1.83, 0.38
Letharg)? 184 —1.24 -1.96,-0.53 179 | 041 | -1.42,0.60| 181 | -0.28 -1.37,0.82
Regulatiofi 184 3.38 1.52,5.25 179 | 055 | -1.93,3.04| 184 | 3.36 -0.01, 6.72
ArousaP 184 -2.91 -5.5,-0.30 179 0.45 -3.31,4.22 | 181 | -2.56 —7.07,1.94
Stres$ 184 —7.97 -32.59,26.67 | 179 | 16.98 | -6.91, 40.87| 181 | -23.32| -65.77,19.13
Quality of movement 184 2.38 -0.37,5.12 179 | -0.89 | -5.41,3.63 | 181 1.05 —2.34,4.44
Hypertonicityb 184 0.81 —4.32,5.94 179 3.12 -1.56, 7.80 | 181 2.50 -1.70, 6.70
Hypotonicity? 184 0.57 415,529 | 179 | 0.78 | -5.11,6.67 | 181 | 2.23 | —4.28,8.78
Reflexes-asymmetrical 184 0.93 -1.15, 3.00 179 | 1.48 -0.49,3.45| 181 | 0.61 -1.62, 2.83
Non-optimal reflexe’ 184 -0.24 -0.9,0.4 179 0.74 0.06,1.41 | 181 0.50 -0.16, 1.17
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Results presénted are from unadjusted linear regression modethigliter scores representing better performancétighber scores represérg poorer

performanceSD, gandard deviation; Coeftoefficient; C| confidence intervalbold text refers t@ values <0.05
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Figure 1: Odds ratio for the association between being gtilmal on theHammersmith
Neonatal Neurological ExaminatioRINE) and delayed outcome on the Bayldyat 2

years

Results aremadds ratios and 95% confidence intervals from separate logistic regression
modelspresented on a log scale.
<Straight line>Unadjusted <dotted line&djusted for sex, age at assessment, and social

risk.

Figure 2: Odds ratio for the associationdéonatal Intensive Care Unit Network
Neurobehavigral Scal®&NNS) subgtimal summary scale scores and delayed outcome on

the Bayleylll at 2 years
Results are odds ratios and 95% confidence intervals from separate logistic regression

models presented on a log scale.

<Straight line>Unadjusted <dotted lineAdjusted for sex, age at assessment, and social risk
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Figure 1. Odds Ratio for the association between being sub-optimal on the
Hammersmith Neonatal Neurological Examination (HNNE) and delayed
outcome on the Bayley-III at 2 years
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Figure 2. Odds Ratio for the association of Neonatal Intensive Care Unit
Network Neurobehavioral Scale (NNNS) sub-optimal summary scale scores and
delayed outcome on the Bayley-III at 2 years
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Results are odds ratios and 95% confidence intervals from separate
logistic regression models presented on a log scale
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