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Abstract

Introduction: As the worldwide number of surviving very-low birthweight (VLBW) and extremely-low-birthweight (ELBW)
preterm neonates is continuously rising, recognition and treatment of neurodevelopmental impairments is becoming increasingly|
important. Low-resource clinical examinations such as the Hammersmith Neonatal Neurological Examination (HNNE) could be
of use to early identify neonates at risk for adverse neurological outcome and implement early neurorehabilitative treatments.
However, the correlation between HNNE and long-term neurological outcomes has not been thoroughly investigated in VLBW|
and ELBW neonates, particularly in those with intraventricular hemorrhage (IVH). Methods: We analysed the correlation|
between HNNE scores at discharge and long-term neurodevelopmental outcomes, as assessed by the Bayley-III Scales of Infant]
Development (BS) at 2 years of age, in VLBW and ELBW children. Results: A total of 38 VLBW and 50 ELBW neonates were
included in the study, of whom 16 were diagnosed with IVH. We found significant positive correlations between HNNE scores
at discharge and long-term motor outcomes at 2 years of age, with the strongest correlations observed in neonates with IVH.
Additionally, weak positive correlations were detected between HNNE scores at discharge and both language and cognitive
outcomes. Conclusion: HNNE is a low-resource, simple-to perform clinical tool to detect VLBW and ELBW neonates at riskj
for adverse motor outcome, especially in VLBW and ELBW neonates with IVH. HNNE supports the implementation of earlyj
neurorehabilitative treatments in this patient population with the aim to improve their long-term outcome.
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Introduction

Recognition and treatment of neurodevelopmental impairment
is becoming increasingly important as the worldwide number of
surviving very preterm neonates is continuously rising [6-29].
Thus, the recognition and treatment of morbidity influencing
neurodevelopmental impairment is of increasing importance [1-
4]. Therefore, low-resource clinical examinations such as the

Hammersmith Neonatal Neurological Examination (HNNE)
may help to identify neonates at risk for suboptimal neurological
development and potentially help to improve their long-term
outcome [12] . Preterm birth is associated with a higher risk for
motor, learning and behavioural impairment [2, 24, 28, 30, 33].
Depending on gestational age, preterm children have by 40.5%
elevated prevalence of mild to moderate motor impairment
compared to term children [33]. Intraventricular hemorrhage (IVH)
is a particularly common and clinically significant complication in
very preterm infants, with an overall incidence of approximately
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20-25% [22-27]. Preterm neonates with IVH are at increased
risk for neurodevelopmental impairment [8-22]. While it is well
established that high-grade IVH is associated with adverse long-
term outcomes, such as the development of cerebral palsy (CP)
[1,7,17-20]). Even low-grade IVH can have a significant impact
on neurodevelopment impairment [20]. Early identification of
those infants at risk for suboptimal neurological development in
this vulnerable patient population helps to implement potential
neuroprotective therapies and provide early neurorchabilitation
and thus may improve neurodevelopmental long-term outcomes
of preterm infants [3-31]. As the global survival rate of preterm
neonates continuestorise, theassociatedmorbidityisalsoincreasing,
making this issue of growing importance. Diagnostic approaches to
identify neonates at risk for suboptimal neurological development
include clinical, radiological, and instrumental assessments such
as detailed clinical examination, cranial ultrasound, magnetic
resonance imaging (MRI) and electroencephalography (EEG)
[3-22]. The predictive value of cranial MRI in preterm infants is
well established [3]. However, access to MRI remains severely
limited, particularly in low- and middle-income countries which
have the highest prevalence of preterm birth and perinatal brain
injury [21-25]. Even in high-resource settings, MRI is often not
performed routinely because of the substantial logistical and
financial demands. Therefore, there is an urgent need for low-
resource diagnostic tools to identify neonates at risk for suboptimal
neurological development. Clinical neurological examinations
at discharge represent a promising tool to identify neonates at
risk for suboptimal neurological development in a non-invasive
and low-resource manner and thus to provide them with early
treatment [11]. The HNNE is a standardized clinical examination
used to evaluate the neurobehavioral performance of preterm
infants at term-equivalent age [11]. It consists of 34 items divided
into six categories describing motor and behavioural functions
[11]. The examination is easy to perform, can be performed by
physiotherapists, physicians, or other trained clinical staff, and
demonstrates high interrater reliability [14]. Originally designed
for a cohort of term infants [11]. It has been also validated in
preterm infants at term equivalent age [5-13]. In this study, we aim
to investigate whether HNNE scores predict long-term outcome in
preterm neonates with very low (VLBW)- and extremely low birth
weight (ELBW) including a subgroup of preterms with IVH.

Methods
Data Collection and Measures

Data was retrospectively collected from preterm neonates born at
or transferred to the neonatal intensive care unit (NICU) of the
University Hospital Bonn (Germany) between February 2020 and
December 2022. Preterm infants with a birth weight up to 1500
grams and a gestational age < 30 weeks of gestation were included
in the study. Included preterm were categorized as very low birth

infants (VLBW) with a birth weight <1500 g and extremely low
birth (ELBW) with a birth weight<1000g. Information related to
each neonate’s medical history was collected from the clinical
notes. Routine clinical parameters, as gestational age, birth weight,
head circumference, gender, multiple birth, APGAR scores and
birth pH were recorded. In addition, data on infection during
hospitalization, management of persistent ductus arteriosus,
mechanical ventilation and IVH were recorded. The study was
approved by the local ethics committee (2024-188-BO).

Hammersmith Neonatal Neurological Examination (HNNE)

Allincluded neonates were examined using HHNE before discharge
by an experienced physiotherapist. Neonates were excluded if they
showed a global developmental delay so that clinical examination
at 18 to 24 months was not possible. HHNE was performed as
already described in previous studies [11]. It consisted of 34 items
divided into six categories. These were recorded on the standard
proforma by t and scored as raw scores (1 to 5) which were later
converted to optimality scores. Calculating the optimality score for
HNNE was performed as previously described [11].

The Bayley Scales of Infant and Toddler Development, 3™
Edition (Bayley-IIT), German Edition

Long-term neurological outcomes were assessed using Bayley
Scales of Infant Development, 3% edition (BS) [4-15] between
18 and 24 months of corrected age. The cognitive, language,

and motor composites of the Bayley-III were used as previously
described.

Data Analysis

Statistical analysis was performed using GraphPad Prism
version 10.0.0. Pearson correlation was used if the assessed
sample size consisted of > 30 neonates, Spearman correlation
was used if the assessed sample size consisted of <30 neonates
to analyse the correlation between HHNE scores and the Bayley
Scales composites. Strength of correlation (r value) was rated
as follows: 0.0 to 0.2 (very weak to negligible correlation); 0.2
to 0.4 (weak, low correlation-not very significant); 0.4 to 0.7
(moderate correlation); 0.7 to 0.9 (strong correlation); and 0.9 to
1.0 (very strong correlation). Simple linear regression analysis was
conducted to evaluate the extent to which HNNE could predict
Bayley outcomes. Logistic regression was then used to evaluate
whether HNNE allowed to predict adverse outcome as defined by
Bayley Scales <70 or <85. Significance level was set at p<0.05.

Results

We included 88 neonates into the study, who underwent both
HHNE before discharge and BS at 18 to 24 months of corrected
age. Characteristics of the study cohort are displayed in (Table 1).
38 VLBW neonates and 50 ELBW neonates were included in this
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study. 16 of the neonates included were diagnosed with IVH (5 Grade I, 4 Grade II, 6 Grade III, 1 Grade IV). Characteristics of the
included neonates are shown in (Table 1) both for the entire cohort as well as specified for VLBW and ELBW neonates and neonates
with IVH.

Entire cohort

n=88

Gestational age at birth

27+6 WOG, IQR 26+4- 29+4 WOG

Birth weight

967 g (IQR 785g-1222,5¢)

Gestational age at HHNE examination

36+3 WOG (IQR 35+1-37+5 WOG)

VLBW neonates

n=38

Gestational age at birth

29+4 WOG, IQR 28+0-31+4 WOG

Birth weight

1265 (IQR 1880-1440) g

Gestational age at HHNE examination

35+7 WOG, IQR 34+5-37+1 WOG

ELBW neonates

n =50

Gestational age at birth

26+5 WOG (IQR 24+6-27+5 WOG)

Birth weight

790 g (IQR 640- 900g)

Gestational age at HHNE examination

36+5 WOG (IQR 35+1-37+5 WOG)

IVH n=16
Gestational age at birth 25+5 WOG (IQR 24+4-27+3 WOQG)
Birth weight 745 g (IQR 650-920 g)

Gestational age at HHNE examination

3743 WOG (IQR 37+1-39+0 WOG)

Table 1: Characteristics of the study cohort. WOG= weeks of gestation, VLBW= very low birth weight; ELBW= extremely low birth
weight; [IVH= intraventricular hemorrhage; WOG= weeks of gestation; IQR= interquartile range.

All neonates included underwent HNNE and BS. In one child, the cognitive BS was not performed due to lack of cooperation by the
infant. Results of HNNE at discharge and BS at 18-24 months are shown in (Table 2). While HNNE at discharge primarily did not reveal
pathological findings, the 2-year follow- up examination in ELBW and VLBW children already revealed a significant proportion with
noticeable developmental delay. In ELBW and VLBW neonates with IVH, there was already a significant proportion with pathological
HHNE at discharge. ELBW and VLBW neonates with IVH showed a marked developmental delay with significantly below-average
results at 18-24 months BS- follow-up (Table 2).

HHNE at discharge Gestational age at (;?%gigzeniitiss Motor BS at 18-24 Language BS at 18-24
(median, IQR) HHNE (median, IQR) (median, IQR) months (median, IQR) months (median, IQR)
Em(i;i;g?o” 31 (28.75-33) &6&3}_\;’7(1(5}\(%2) 100 (75-112.5) 96 (76.75-106) 91 (70.5-106)
VLBW (n=38) 30 (29-32) 29+4 \3’1\/1?_2},“1/%12284-0- 100 (85-135) 100 (79-113) 91 (75-109)
ELBW (n=50) 32 (28-33) 37+§8Y0(2K(/}O((3}§+0- 92.5 (70-110) 92 (73-100) 87 (66-106)
IVH (n=16) 28.5(26-31.25) 38+§9\f0(2$0((3};+1- 65 (55-110) 62 (51.25-96) 66 (55.5-104.5)

Table 2: HNNE at discharge and long-term outcome at 18-24 months using BS.

Results of correlation analysis as well as for the entire cohort as for subgroups are shown in (Table 3) as well as in Figure 1. Correlation
analysis revealed a positive, significant correlation (r=0,313, p=0,003) between HNNE at discharge and the BS motor scale at 18-24
months and a weak significant correlation between HNNE and BS language scale at 18-24 months (r=0,313, p=0,035). No statistically
significant correlation could be found between HNNE and cognitive BS. Simple linear regression showed that HNNE predicts motor and
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language outcome at 18-24 months (Table 4). A significant regression was found between HHNE and motor and language BS. Table 4
shows that for each point increase in HNNE, the predicted motor BS increases by approximately 2.1 points and the predicted language
BS increases by approximately 1.7 points. Logistic regression analysis (Table 5) further showed that HNNE does not only predict BS
results but also allows to predict whether infants have adverse outcome as defined by BS<85 or <70 points. Each missing point in HNNE
leads to a 1.16 x increased risk of adverse cognitive outcome as defined by BS<85 and an 1.23x increased risk of adverse cognitive
outcome as defined by BS <70. Each missing point in HNNE leads to a 1.23x increased risk of adverse motor outcome as defined by BS
<85 and a 1.26x increased risk of adverse motor outcome as defined by BS <70.

HNNE- outcome | Correlation (significance)
mental BS 0.1877 (0.0817)
Entire cohort language BS 0.2263 (0.0351%)
Motor BS 0.3133 (0.0033%*)
Mental BS 0.003 (0.985)
VLBW language BS 0.170 (0.307)
Motor BS 0.249 (0.137)
mental BS 0.3374 (0.0166%*)
ELBW language BS 0.2715 (0.0591)
motor BS 0.3649 (0.0099%*)
mental BS 0.4175 (0.1216)
IVH language BS 0.3333 (0.2053)
motor BS 0.5411 (0.0394%*)

Table 3: Correlation analysis between HHNE at discharge and long-term outcome as measured by BS at 18-24 months of corrected
age. Correlation analysis was performed using Pearson’s correlation in neonates with VLBW and ELBW and Spearman’s correlation in
neonates with [IVH. *= statistically significant results.

4 Volume 08; Issue 01



Citation: Groteklaes A, Sina H, Kroll C, Demir S, Résler B, et al. (2026) Correlation of Hammersmith Neonatal Neurological Examination (HNNE)
At Discharge and Long-Term Outcome in Very Preterm Infants. J Neurol Exp Neural Sci 8: 172. DOI: 10.29011/2577-1442.100072.

Figure 1: Correlations between HHNE at discharge and BS at 2 years of age. A, entire cohort, B, ELBW neonates (<1000g), C, VLBW/
ELBW neonates with IVH. A significant correlation between HHNE at discharge and BS at 2 years of age can be observed between
HHNE and motor outcome in all cohorts, HHNE and mental BS in ELBW neonates and HHNE and language outcome in all neonates.

VLBW/ELBW infants with IVH

VLBW and ELBW neonates with IVH have a lower median HNNE score (median: 28.5, IQR 26-31.25, range 24-33) and lower BS
motor scale (median: 69, IQR 50.5-92.5, range 45-113) than those VLBW/ELW neonates without IVH. In this subgroup, we found a
significant strong positive correlation between HNNE and BS motor scale (p=0,039, r= 0.5411) using the Spearman correlation. No
significant correlation was found between HNNE and mental/language BS in this sub cohort. Simple linear regression showed that
HNNE significantly predicts motor BS at 18-24 months in VLBW/ELBW neonates with IVH (Table 4). Table 4 shows that for each point
increase in HNNE, the predicted motor BS increases by approximately 4.04 points. Logistic regression analysis (Table 5) could show no
statistically significant prediction of adverse outcome as defined by BS<70/<85 points by HNNE.

Entire cohort
95%CI for B
Dependent Independent B SE Beta T p Lower Upper
bound bound
CBS HNNE 1.659 0.942 0.188 1.762 0.082 -0.231 3.531
MBS HNNE 2.168 0.717 0.313 3.024 0.003* 0.742 3.595
LBS HNNE 1.728 0.807 0.226 2.142 0.035* 0.124 3.332
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VLBW
CBS HNNE -0.031 1.597 -0.003 -0.019 0.985 -3.273 3.212
MBS HNNE 1.786 1.174 0.249 1.52 0.137 -0.599 4.17
LBS HNNE 1.332 1.285 0.17 1.037 0.307 -1.273 3.989
ELBW
CBS HNNE 2.712 1.092 0.337 2.484 0.017* 0.516 4.908
MBS HNNE 2316 0.862 0.365 2.687 0.010* 0.582 4.05
LBS HNNE 1.975 1.021 0.272 1.934 0.059 -0.079 4.029
IVH
CBS HNNE 3.968 2.143 0.457 1.851 0.087 -0.662 8.598
MBS HNNE 4.045 1.832 0.544 2.336 0.036* 0.304 7.786
LBS HNNE 2.365 1.991 0.303 1.189 0.254 -1.903 6.636

Table 4: Linear regression between cognitive (CBS), motor (MBS) and language (LBS) BS at 18-24 months and HNNE. Linear regression
analysis reveals a significant prediction of MBS and LBS results at 18-24 months in the entire cohort. In ELBW neonates, HHNE allows
to predict CBS and MBS results at 18-24 months. In VLBW neonates, regression analysis showed no significant prediction of BS by
HHNE. In neonates with IVH, HHNE allows to predict MBS at 18-24 months. *= statistically significant results

Entire cohort
Dependent Independent B SE Wald P Odds ratio 23%C1 for Odds ratio
Lower bound Upper bound
CBS<85 Missing points HNNE 0.153 | 0.076 | 4.041 | 0.044* 1.165 1.004 1.353
CBS<70 Missing points HNNE 0.208 | 0.086 | 5.808 | 0.016* 1.231 1.04 1.458
MBS<85 Missing points HNNE 0.207 | 0.079 | 6.769 | 0.009* 1.23 1.052 1.437
MBS<70 Missing points HNNE 0.237 | 0.092 | 6.591 | 0.010* 1.267 1.058 1.518
LBS<85 Missing points HNNE 0.146 | 0.076 | 3.729 0.053 1.157 0.998 1.343
LBS<70 Missing points HNNE 0.152 | 0.081 | 3.486 | 0.063 1.164 0.992 1.365
VLBW
CBS<85 Missing points HNNE -0.005 | 0.125 | 0.002 0.965 0.995 0.779 1.27
CBS<70 Missing points HNNE 0.115 | 0.153 | 0.562 0.454 1.122 0.831 1.515
MBS<85 Missing points HNNE 0.275 | 0.135 | 4.135 | 0.042* 1.317 1.01 1.716
MBS<70 Missing points HNNE 0.285 | 0.168 | 2.876 0.09 1.33 0.957 1.85
LBS<85 Missing points HNNE 0.111 | 0.117 | 0.906 0.341 1.118 0.889 1.405
LBS<70 Missing points HNNE 0.083 | 0.146 | 0.319 0.572 1.086 0.816 1.446
ELBW
CBS<85 Missing points HNNE 0.264 | 0.108 | 6.019 | 0.014* 1.303 1.055 1.609
CBS<70 Missing points HNNE 0.257 | 0.11 5.424 | 0.020* 1.293 1.042 1.505
MBS<85 Missing points HNNE 0.166 0.1 2.766 | 0.096 1.181 0.971 1.437
MBS<70 Missing points HNNE 0.215 | 0.112 | 3.706 | 0.054 1.24 0.996 1.544
LBS<85 Missing points HNNE 0.172 | 0.101 | 2.915 0.088 1.187 0.975 1.446
LBS<70 Missing points HNNE 0.19 | 0.528 | 7.698 0.065 1.21 0.988 1.48
IVH
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CBS<85 Missing points HNNE 0.404 | 0.254 [ 2.532 | 0.112 1.498 0911 2.463
CBS<70 Missing points HNNE 0.428 | 0.235 [ 3.319 | 0.068 1.535 0.968 2433
MBS<85 Missing points HNNE 0.464 | 0.254 [ 3.329 | 0.068 1.691 0.966 2.62
MBS<70 Missing points HNNE 0.248 | 0.192 | 1.681 0.192 1.282 0.881 1.867
LBS<85 Missing points HNNE 0.235 | 0.201 | 1.362 0.243 1.265 0.853 1.876
LBS<70 Missing points HNNE 0.27 | 0.195 1.92 0.166 1.31 0.894 1.92

Table 5: Logistic regression between missing points in HNNE and adverse outcome at 18-24 months as defined by cognitive (CBS),
motor (MBS), and language (LBS) BS <70/<85. HNNE allows to predict adverse cognitive and motor outcome in all neonates included.
Looking particularly at VLBW neonates, HNNE allows prediction of adverse motor outcome as each missing point in HNNE increases
the risk to have adverse motor outcome as defined by MBS<85 by 1.3 times. In ELBW neonates, each missing point in HNNE increases
risiko of adverse cognitive outcome as defined by CBS <70 points by 1.29, as defined by CBS <0.85 by 1.3 times. In neonates with IVH,
logistic regression analysis showed no statistically significant results. *= statistically significant results.

Discussion

In this study, we demonstrate that the Hammersmith Neonatal
Neurological Examination (HNNE) performed at discharge not only
correlates with but also predicts long-term neurodevelopmental
outcomes in very low birth weight (VLBW) and extremely low
birth weight (ELBW) infants. In particular, HNNE scores were
significantly associated with motor outcomes at 18-24 months
of corrected age across the entire cohort, with the strongest
associations observed in infants with intraventricular hemorrhage
(IVH). These findings support the value of early structured
neurological assessment as a low-resource tool for identifying
preterm infants at risk for adverse neurodevelopmental outcomes.
Our results are consistent with previous studies demonstrating
associations between early neurological examinations and later
motor development in very preterm infants [18,19,32]. However,
to our knowledge, this is the first study to specifically investigate
the predictive value of HNNE in a cohort of VLBW and ELBW
infants with a dedicated subgroup analysis of neonates with IVH.
Given the high vulnerability of this population, our findings add
important evidence supporting the clinical utility of HNNE in
routine neonatal care. Subgroup analyses revealed that in ELBW
infants, HNNE scores were also significantly associated with
cognitive outcomes. This observation aligns with earlier reports
showing that early neurological performance and brain integrity
are linked to later cognitive development in very preterm infants
[16,18,19,32]. Importantly, our study extends these findings
by demonstrating that HNNE not only correlates with but also
predicts adverse cognitive outcomes in ELBW infants, as shown
by both linear and logistic regression analyses. This highlights the
potential role of HNNE as an early screening tool for identifying
infants at risk for later cognitive impairment. In infants with
IVH, HNNE scores showed a strong and significant correlation
with motor outcomes at 18-24 months. Linear regression
analysis confirmed that HNNE at discharge predicts later motor
performance in this subgroup, with a larger effect size compared

to the overall cohort. These findings are clinically relevant, as
IVH-particularly moderate to severe grades-is well known to be
associated with adverse motor outcomes, including cerebral palsy
[1,7,17,20,22]. Logistic regression analysis did not demonstrate
a statistically significant prediction of adverse outcomes defined
by Bayley scores <70 or <85 in the IVH subgroup. This is most
likely due to the limited sample size. Larger multicenter studies
are needed to further explore the prognostic value of HNNE in this
high-risk population. Our study further underscores that infants
with IVH are at particularly high risk for neurodevelopmental
impairment. Compared to infants without IVH, they showed
lower median HNNE scores at discharge and substantially poorer
motor, cognitive, and language outcomes at follow-up. Early
identification of these infants using a standardized clinical tool
such as HNNE may facilitate timely referral to early intervention
and neurorehabilitative programs, which have been shown to
improve functional outcomes in preterm populations [3,31].

As the global burden of preterm birth continues to rise, particularly
in low- and middle-income countries, there is an increasing need
for reliable, low-resource screening tools to identify infants at risk
for neurodevelopmental impairment [21,23,26]. While neonatal
MRI and EEG provide valuable prognostic information, their
availability is limited by costs, infrastructure, and the need for
specialized personnel [3,21,25]. In contrast, HNNE is inexpensive,
easy to perform, requires minimal equipment, and can be
administered by trained healthcare professionals in a wide range of
clinical settings. Moreover, HNNE has been adapted and validated
in different populations, supporting its broader applicability [9].
Nevertheless, studies from low-resource settings suggest that
neurological examinations developed in high-income countries
may overestimate the number of at-risk infants, emphasizing the
need for contextual validation [20]. The median HNNE score
in our cohort was higher than those reported in previous studies
assessing infants earlier in the postmenstrual period or strictly at
term-equivalent age [18,19]. This may be explained by the timing
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of assessment at discharge, when infants are often more clinically
stable. Previous work suggests that HNNE performed at discharge
provides comparable predictive value to assessments conducted
at term-equivalent age, while reducing loss to follow-up and
allowing for earlier identification of at-risk infants [32,33]. Earlier
detection may enable earlier initiation of targeted interventions
and improve parental counselling during a critical period. Several
limitations of this study should be acknowledged. First, the sample
size was relatively small, particularly in the IVH subgroup, which
may have limited statistical power in some analyses. Second,
neurodevelopmental outcomes were assessed at 18-24 months
of corrected age; it is well recognized that certain cognitive,
behavioural, and executive function impairments may only
become apparent at school age or later. Future studies with larger,
multicenter cohorts and long-term follow- up into childhood and
adolescence are required to validate and extend our findings.

Conclusion

In this study, we show that early clinical neurological assessment
at discharge even before term- equivalent age using HHNE allows
to detect ELBW and VLBW neonates at risk for adverse motor
outcome. We show that neonates with IVH are at higher risk for
neurodevelopmental impairments. We suggest that HHNE is a
low-resource diagnostic tool to detect ELBW and VLBW neonates
at risk for adverse neurodevelopmental outcome in both high —
and low resource settings and to implement neuro-rehabilitative
strategies at an early point in order to improve outcome in these
patients.

References

1.  Adams-Chapman |, Hansen NI, Stoll BJ, Higgins R (2008)
Neurodevelopmental outcome of extremely low birth weight infants
with posthemorrhagic hydrocephalus requiring shunt insertion.
Pediatrics 121(5): e1167-1177.

2. Allotey J, Zamora J, Cheong-See F, Kalidindi M, Arroyo-Manzano D,et
al. (2018) Cognitive, motor, behavioural and academic performances
of children born preterm: a meta-analysis and systematic review
involving 64 061 children. BJOG 125(1): 16-25.

3. Austin T, Connolly D, Dinwiddy K, Hart AR, Heep A,et al. (2024)
Neonatal brain magnetic resonance imaging: clinical indications,
acquisition and reporting. Arch Dis Child Fetal Neonatal Ed 109(4):
348-361.

4. Bayley_lll_Whitepaper_2015.

Beghetti |, Benvenuti E, Lucchini L, Martini S, Guarini A,et al. (2025)
Can general movements trajectories predict neurodevelopment as
early as six months corrected age in very preterm infants. Early Hum
Dev 206: 106274.

6. Bell EF, Hintz SR, Hansen NI, Bann CM, Wyckoff MH,et al. (2022)
Mortality, In-Hospital Morbidity, Care Practices, and 2-Year Outcomes
for Extremely Preterm Infants in the US, 2013-2018. JAMA 327(3):
248-263.

7. Brouwer A, Groenendaal F, van Haastert IL, Rademaker K, Hanlo
P,et al. (2008) Neurodevelopmental outcome of preterm infants with

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

severe intraventricular hemorrhage and therapy for post-hemorrhagic
ventricular dilatation. The Journal of pediatrics 152(5): 648-654.

Brouwer AJ, Groenendaal F, Benders MJ, de Vries LS (2014) Early and
late complications of germinal matrix-intraventricular haemorrhage in
the preterm infant: what is new. Neonatology 106(4): 296-303.

Correr MT,Pfeifer LI (2023) Adaptagdo cultural e avaliagdo da
confiabilidade do exame neurolégico neonatal de Hammersmith para
recém-nascidos brasileiros com risco de paralisia cerebral. Arquivos
de Neuro-Psiquiatria 81(1): 47-54.

Cutland CL, Lackritz EM, Mallett-Moore T, Bardaji A, Chandrasekaran
R,et al. (2017) Low birth weight: Case definition & guidelines for data
collection, analysis, and presentation of maternal immunization safety
data. Vaccine 35(48 Pt A): 6492-6500.

Dubowitz L, Ricciw D, Mercuri E (2005) The Dubowitz neurological
examination of the full-term newborn. Ment Retard Dev Disabil Res
Rev 11(1): 52-60.

Dubowitz L, Ricciw D, Mercuri E (2005) The Dubowitz neurological
examination of the full-term newborn. Mental retardation and
developmental disabilities research reviews 11(1): 52-60.

Singla A, Dudeja P, Verma N, Kumar V ( 2025) Correlation of Umbilical
Cord Arterial pH and Standard Base Excess in Term Neonates With
Neurologic Examination at Discharge: A Cohort Study. Journal of child
neurology 40(8): 651-657.

Eeles AL, Olsen JE, Walsh JM, McInnes EK, Molesworth CM,et al.
(2017) Reliability of Neurobehavioral Assessments from Birth to Term
Equivalent Age in Preterm and Term Born Infants. Phys Occup Ther
Pediatr 37(1): 108-119.

Fuiko R, Oberleitner-Leeb C, Klebermass-Schrehof K, Berger A,
Brandstetter S,et al. (2019) The Impact of Norms on the Outcome of
Children Born Very-Preterm when Using the Bayley-lll: Differences
between US and German Norms. Neonatology 116(1): 29-36.

George JM, Colditz PB, Chatfield MD, Fiori S, Pannek Ket al. (2021)
Early clinical and MRI biomarkers of cognitive and motor outcomes in
very preterm born infants. Pediatr Res 90(6): 1243-1250.

Hollebrandse NL, Spittle AJ, Burnett AC, Anderson PJ, Roberts G,et al.
(2021) School-age outcomes following intraventricular haemorrhage
in infants born extremely preterm. Arch Dis Child Fetal Neonatal Ed
106(1): 4-8.

Howard GT, Baque E, Colditz PB, Chatfield MD, Ware RS, et al. (2023)
Diagnostic accuracy of the Hammersmith Neonatal Neurological
Examination in predicting motor outcome at 12 months for infants born
very preterm. Developmental Medicine & Child Neurology 65(8): 1061-
1072.

Huf IU, Baque E, Colditz PB, Chatfield MD, Ware RS,et al. (2023)
Neurological examination at 32-weeks postmenstrual age predicts
12-month cognitive outcomes in very preterm-born infants. Pediatr
Res 93(6): 1721-1727.

Klebermass-Schrehof K, Czaba C, Olischar M, Fuiko R, Waldhoer T,et
al. (2012) Impact of low-grade intraventricular hemorrhage on long-
term neurodevelopmental outcome in preterm infants. Child’s nervous
system 28(12): 2085-2092.

Krishnan V, Kumar V, Variane GFT, Carlo WA, Bhutta ZA, et al. (2021)
Need for more evidence in the prevention and management of
perinatal asphyxia and neonatal encephalopathy in low and middle-
income countries: A call for action. Seminars in fetal & neonatal
medicine 26(5): 101271.

Leijser LM, de Vries LS (2019) Preterm brain injury: Germinal
matrix-intraventricular hemorrhage and post-hemorrhagic ventricular
dilatation. Handbook of clinical neurology 162: 173-199.

Volume 08; Issue 01


https://pubmed.ncbi.nlm.nih.gov/18390958/
https://pubmed.ncbi.nlm.nih.gov/18390958/
https://pubmed.ncbi.nlm.nih.gov/18390958/
https://pubmed.ncbi.nlm.nih.gov/18390958/
https://pubmed.ncbi.nlm.nih.gov/29024294/
https://pubmed.ncbi.nlm.nih.gov/29024294/
https://pubmed.ncbi.nlm.nih.gov/29024294/
https://pubmed.ncbi.nlm.nih.gov/29024294/
https://pubmed.ncbi.nlm.nih.gov/38373753/
https://pubmed.ncbi.nlm.nih.gov/38373753/
https://pubmed.ncbi.nlm.nih.gov/38373753/
https://pubmed.ncbi.nlm.nih.gov/38373753/
https://pubmed.ncbi.nlm.nih.gov/40349381/
https://pubmed.ncbi.nlm.nih.gov/40349381/
https://pubmed.ncbi.nlm.nih.gov/40349381/
https://pubmed.ncbi.nlm.nih.gov/40349381/
https://pubmed.ncbi.nlm.nih.gov/35040888/
https://pubmed.ncbi.nlm.nih.gov/35040888/
https://pubmed.ncbi.nlm.nih.gov/35040888/
https://pubmed.ncbi.nlm.nih.gov/35040888/
https://pubmed.ncbi.nlm.nih.gov/18410767/
https://pubmed.ncbi.nlm.nih.gov/18410767/
https://pubmed.ncbi.nlm.nih.gov/18410767/
https://pubmed.ncbi.nlm.nih.gov/18410767/
https://pubmed.ncbi.nlm.nih.gov/25171657/
https://pubmed.ncbi.nlm.nih.gov/25171657/
https://pubmed.ncbi.nlm.nih.gov/25171657/
https://pubmed.ncbi.nlm.nih.gov/29150054/
https://pubmed.ncbi.nlm.nih.gov/29150054/
https://pubmed.ncbi.nlm.nih.gov/29150054/
https://pubmed.ncbi.nlm.nih.gov/29150054/
https://pubmed.ncbi.nlm.nih.gov/15856443/
https://pubmed.ncbi.nlm.nih.gov/15856443/
https://pubmed.ncbi.nlm.nih.gov/15856443/
https://pubmed.ncbi.nlm.nih.gov/15856443/
https://pubmed.ncbi.nlm.nih.gov/15856443/
https://pubmed.ncbi.nlm.nih.gov/15856443/
https://pubmed.ncbi.nlm.nih.gov/40255020/
https://pubmed.ncbi.nlm.nih.gov/40255020/
https://pubmed.ncbi.nlm.nih.gov/40255020/
https://pubmed.ncbi.nlm.nih.gov/40255020/
https://pubmed.ncbi.nlm.nih.gov/27002541/
https://pubmed.ncbi.nlm.nih.gov/27002541/
https://pubmed.ncbi.nlm.nih.gov/27002541/
https://pubmed.ncbi.nlm.nih.gov/27002541/
https://pubmed.ncbi.nlm.nih.gov/30889586/
https://pubmed.ncbi.nlm.nih.gov/30889586/
https://pubmed.ncbi.nlm.nih.gov/30889586/
https://pubmed.ncbi.nlm.nih.gov/30889586/
https://pubmed.ncbi.nlm.nih.gov/33627820/
https://pubmed.ncbi.nlm.nih.gov/33627820/
https://pubmed.ncbi.nlm.nih.gov/33627820/
https://pubmed.ncbi.nlm.nih.gov/32732377/
https://pubmed.ncbi.nlm.nih.gov/32732377/
https://pubmed.ncbi.nlm.nih.gov/32732377/
https://pubmed.ncbi.nlm.nih.gov/32732377/
https://pubmed.ncbi.nlm.nih.gov/36683126/
https://pubmed.ncbi.nlm.nih.gov/36683126/
https://pubmed.ncbi.nlm.nih.gov/36683126/
https://pubmed.ncbi.nlm.nih.gov/36683126/
https://pubmed.ncbi.nlm.nih.gov/36683126/
https://pubmed.ncbi.nlm.nih.gov/36151299/
https://pubmed.ncbi.nlm.nih.gov/36151299/
https://pubmed.ncbi.nlm.nih.gov/36151299/
https://pubmed.ncbi.nlm.nih.gov/36151299/
https://pubmed.ncbi.nlm.nih.gov/22914924/
https://pubmed.ncbi.nlm.nih.gov/22914924/
https://pubmed.ncbi.nlm.nih.gov/22914924/
https://pubmed.ncbi.nlm.nih.gov/22914924/
https://pubmed.ncbi.nlm.nih.gov/34330679/
https://pubmed.ncbi.nlm.nih.gov/34330679/
https://pubmed.ncbi.nlm.nih.gov/34330679/
https://pubmed.ncbi.nlm.nih.gov/34330679/
https://pubmed.ncbi.nlm.nih.gov/34330679/
https://pubmed.ncbi.nlm.nih.gov/31324310/
https://pubmed.ncbi.nlm.nih.gov/31324310/
https://pubmed.ncbi.nlm.nih.gov/31324310/

Citation: Groteklaes A, Sina H, Kroll C, Demir S, Résler B, et al. (2026) Correlation of Hammersmith Neonatal Neurological Examination (HNNE)
At Discharge and Long-Term Outcome in Very Preterm Infants. J Neurol Exp Neural Sci 8: 172. DOI: 10.29011/2577-1442.100072.

23.

24.

25.
26.

27.

28.

Liu Y, Leong, ATL, Zhao Y, Xiao L, Mak HKF, et al. (2021) A low-
cost and shielding-free ultra-low-field brain MRI scanner. Nature
communications 12(1): 7238.

LWW (2024) Developmental Coordination Disorder in Extremely Low
Birth.Journal of Developmental & Behavioral Pediatrics.

OECD (2024) Magnetic resonance imaging (MRI) units (indicator).

Ohuma EO, Moller AB, Bradley E, Chakwera S, Hussain-Alkhateeb
L,et al. (2023) National, regional, and global estimates of preterm birth
in 2020, with trends from 2010: a systematic analysis. The Lancet
402(10409): 1261-1271.

Parodi A, Govaert P, Horsch S, Bravo MC, Ramenghi LA (2020)
Cranial ultrasound findings in preterm germinal matrix haemorrhage,
sequelae and outcome. Pediatric research 87(Suppl 1): 13-24.

Pascal A, Govaert P, Oostra A, Naulaers G, Ortibus E,et al. (2018)
Neurodevelopmental outcome in very preterm and very-low-
birthweight infants born over the past decade: a meta-analytic review.
Dev Med Child Neurol 60(4): 342-355.

29.

30.

31.

32.

33.

Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G,et al. (2022)
Global, regional, and national causes of under-5 mortality in 2000-19:
an updated systematic analysis with implications for the Sustainable
Development Goals. Lancet Child Adolesc Health 6(2):106-115.

PubMed Central (2024) Cognitive Outcomes of Children Born
Extremely or Very Preterm Since the 1990s and Associated Risk
Factors: A Meta-analysis and Meta-regression.

Rutherford MA, Supramaniam V, Ederies A, Chew A, Bassi L,et al.
(2010) Magnetic resonance imaging of white matter diseases of
prematurity. Neuroradiology 52(6): 505-521.

Venkata SKRG, Pournami F, Prabhakar J, Nandakumar A, Jain
N (2020) Disability Prediction by Early Hammersmith Neonatal
Neurological Examination: A Diagnostic Study. Journal of child
neurology 35(11): 731-736.

Williams J, Lee KJ, Anderson PJ (2010) Prevalence of motor-skill
impairment in preterm children who do not develop cerebral palsy: a
systematic review. Dev Med Child Neurol 52(3): 232-237.

Volume 08; Issue 01


https://www.nature.com/articles/s41467-021-27317-1
https://www.nature.com/articles/s41467-021-27317-1
https://www.nature.com/articles/s41467-021-27317-1
https://pubmed.ncbi.nlm.nih.gov/37805217/
https://pubmed.ncbi.nlm.nih.gov/37805217/
https://pubmed.ncbi.nlm.nih.gov/37805217/
https://pubmed.ncbi.nlm.nih.gov/37805217/
https://pubmed.ncbi.nlm.nih.gov/32218535/
https://pubmed.ncbi.nlm.nih.gov/32218535/
https://pubmed.ncbi.nlm.nih.gov/32218535/
https://pubmed.ncbi.nlm.nih.gov/29350401/
https://pubmed.ncbi.nlm.nih.gov/29350401/
https://pubmed.ncbi.nlm.nih.gov/29350401/
https://pubmed.ncbi.nlm.nih.gov/29350401/
https://pubmed.ncbi.nlm.nih.gov/34800370/
https://pubmed.ncbi.nlm.nih.gov/34800370/
https://pubmed.ncbi.nlm.nih.gov/34800370/
https://pubmed.ncbi.nlm.nih.gov/34800370/
https://pubmed.ncbi.nlm.nih.gov/20422407/
https://pubmed.ncbi.nlm.nih.gov/20422407/
https://pubmed.ncbi.nlm.nih.gov/20422407/
https://pubmed.ncbi.nlm.nih.gov/32516057/
https://pubmed.ncbi.nlm.nih.gov/32516057/
https://pubmed.ncbi.nlm.nih.gov/32516057/
https://pubmed.ncbi.nlm.nih.gov/32516057/
https://pubmed.ncbi.nlm.nih.gov/20002114/
https://pubmed.ncbi.nlm.nih.gov/20002114/
https://pubmed.ncbi.nlm.nih.gov/20002114/

	_Hlk206248122
	_Hlk206248478

