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Background: Few neurological assessments are easily performed during the first 6 h after birth.
Aims: To assess a cohort of low risk term born newborns within the first 6 h and at 48 h after birth using the
Hammersmith Neonatal Neurological Examination.
Study design and subjects: A population of low risk term born newborns was examined within 3 h from birth or
between 3 and 6 h. Each infantwas re-assessed at 48 h, establishing the range and frequency distribution of neo-
natal neurological scores at each time point.
Results: Of the 124 full-term born newborns, 62 were assessed at 0–3 h and 62 at 3–6 h. All infants were re-
assessed at 48 h. For 23/34 of the neurological items, the range and median scores were similar across the 3
time points. In the remaining 11 items the three groups had a similar range of scores but the median scores
were different with different rates of changes. In 6 of the 11 themedian scores at 3–6 hwere similar to those ob-
served at 48 h but they appeared to be ‘lessmature’ at 0–3 h. Only in one item themedian scoreswere consistent-
ly different at the 3 time points.
Conclusions: Our results suggest that a neurological examination can already be reliably performed soon after
birth. These findingswill help in the interpretation of the few items that show changeswith increasing postnatal
age.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

In the last 10 years the advent of therapeutic hypothermia as a
neuroprotective intervention in newborns with hypoxic ischemic-
encephalopathy (HIE) [1,2] has raised the issue of defining early clinical
indicators of neurological status. Therapeutic hypothermia is used to
cool infants with moderate or severe HIE within 6 h of birth to a body
temperature between 33.5 °C and 34.5 °C and maintain this degree of
cooling without interruption for 72 h [3]..

Because of the timing, early assessments are needed to define inclu-
sion criteria. These generally include: i) a gestational age ≥ 35weeks, ii)
a perinatal hypoxic ischemic event defined by low Apgar scores or fetal
acidosis and an evidence of moderate or severe encephalopathy accord-
ing to the Sarnat Score that identifies 3 different stages considering the

alertness, global tone, some reflexes and the electroencephalogram
(EEG) activity [4].

Although the Sarnat score is widely used in both clinical andmedical
research, it has been suggested that other early neurological tools may
provide additional clinical information, especially in the intermediate
clinical grading.While infants with Sarnat stage 1 tend to have a normal
outcome, and those with stage 3 to develop neurological sequalae, in-
fants with stage 2 have been found to be associated with both normal
and abnormal outcome [2].

There is therefore the need to identify other neonatal neurological
assessments that could be easily performed during the first 6 h after
birth to provide more detailed information on the neurological status
and on prognosis that may prove to be useful in infants with moderate
asphyxia.

The Hammersmith Neonatal Neurological Examination (HNNE) de-
veloped by Dubowitz and Dubowitz, in 1981 and revised in 1999, is
widely used in preterm and termbornnewborns, both in clinical and re-
search settings [5]. This assessment has proved to be useful in identify-
ing specific clinical patterns related to distinct neuroimaging findings
and to predict prognosis [6–8]. This examination however has only
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been used after the first 6 h after birth and no normative data on earlier
examination are available.

The aims of the present study were: a) to assess a cohort of low risk
term born newbornswithin the first 6 h after birth and at 48 h using the
HNNE and b) to establish the range and frequency distribution of neo-
natal neurological scores in this age range.

2. Methods

The newborns included in the present studywere recruited from the
Neonatal Unit of our Hospital from December 2014 to March 2016. In-
fants were consecutively enrolled if

1. they were born between 38.0 and 41.6 weeks' gestational age (GA);
2. their cranial ultrasound scans (US) were normal or showed only

transient flares or germinal layer hemorrhages during the first post-
natal week [6]; and

3. their clinical condition was stable during the first days after birth.
The US assessments were part of the protocol for the present study

andwere performed and interpreted by two experiences neonatologists
(FG and FS).

We excluded infants with major congenital anomalies, genetic or
chromosomal abnormalities, metabolic disorders, congenital or neona-
tal infection or any sign of encephalopathy or seizures during their neo-
natal course, jaundice requiring phototherapy or respiratory distress.
Informed consent was obtained for all infants. The study protocol was
previously approved by the Ethics Committee of our Institution.

2.1. Clinical examination

The HNNE, consisting of 34 items, grouped in six categories (tone,
tone patterns, reflexes, movements, abnormal signs and behaviour),
was performed and recorded using the standardised scoring sheet [5].

The infants were examined undressed on an open bed or in their cot
in a warm quiet room. Behavioural state, graded according to Brazelton
criteria [9] at the time of examination was recorded. In order to achieve
comparable results,whenever possible, all the infantswere tested in the
same state, midway between feeds, predominantly in state 4 or 5 of
sleep.

The scoring sheet consists of numbered columns, between 3 and 5
for each item. If an item falls between 2 columns, it is given the appro-
priate half score between the columns (e.g. items scoring between 2
and 3 scored 2.5; between 2 and 1 scored 1.5). These scores are defined
as raw scores [5].

The infants were assessed within the first 6 h after birth.
The examinations were performed by one of the author (DMR)who

was very familiar with the assessment and previously trained by the de-
velopers of the HNNE.

The results were analysed according to the time from birth into 3
subgroups: the first included the assessments within 3 h from birth
and the second those between 3 and 6 h from birth. A third group in-
cluded the assessments at 48 h from birth, that were performed in all
the infants included in the first two subgroups.

The distribution of the raw scores (the column circled) was plotted
for each item and the 10th centile taken as the cut-off point. It was
then possible to compare the median and the 10th centile score for
each item from the 3 subgroups.

All the infants included in this study had a similar level of care.

3. Results

A total of 124 full-term born newborns fulfilled the inclusion criteria
(Table 1). Their GA was between 38 and 41 weeks. Sixty two of the 124
(30 female, 32 male) were assessed at 0–3 h and the other 62 (33 fe-
male, 29 male) at 3–6 h. All infants showed normal cranial US and
were re-assessed at 48 h (range: 46–51 h).

3.1. Range of scores and median score

3.1.1. Comparison between 0 and 3 h, 3–6 h and 48 h

3.1.1.1. Tone items. The median score was the same in 4 of the 10 items
assessing tone in all the three assessments (i.e. within 3 h, between 3
and 6 h and at 48 h).

In 3 of the other 6 items (arm recoil, arm traction, leg traction), the
median was the same in the assessments performed at 3 to 6 h and at
48 h while it was lower, expressing less “mature tone”, in those exam-
ined within 3 h.

In the remaining 3 item (posture, head control 2, popliteal angle) the
medianwas the same in the assessments performedwithin 3 h and at 3
to 6 h and higher, expressing more “mature tone, at 48 h.

The range of scores falling within the 90th centile at 48 h was differ-
ent only in one item when compared to the findings at 3–6 h and in 5
items when compared to the findings at 0–3 h.

3.1.1.2. Tone patterns. The median score was the same in all the 5 items
assessing tone patterns in all the three assessments.

The range of scores falling within the 90th centile at 48 h was differ-
ent only in 2 item when compared to the findings at 3–6 h and in 2
items when compared to the findings at 0–3 h.

3.1.1.3. Reflexes. The median score was the same in 4 of the 6 items
assessing reflexes in all the three assessments. In the remaining 2
items (palmar grasp and Moro) the median was the same at 3 to 6 h
and at 48 h while it was lower, expressing immature responses, in
those examined within 3 h.

The range of scores falling within the 90th centile at 48 h was differ-
ent only in 1 item when compared to the findings at 3–6 h and in 4
items when compared to the findings at 0–3 h.

3.1.1.4. Movements. The median score was the same in all the 3 items
assessing movements in all the three assessments.

The range of scores falling within the 90th centile at 48 h was differ-
ent only in 2 item when compared to the findings at 3–6 h and in 3
items when compared to the findings at 0–3 h.

3.1.1.5. Abnormal signs. The median score was the same in 2 of the 3
items assessing abnormal signs in all the three assessments. In the re-
maining item (startles) the median was the same at 0 to 3 h and at
48 h while it was different at 3 to 6 h.

The range of scores falling within the 90th centile at 48 h was differ-
ent only in 2 item when compared to the findings at 3–6 h and in 0
items when compared to the findings at 0–3 h.

3.1.1.6. Behavioural items. The median score was the same in 4 of the 7
items assessing abnormal signs in all the assessments.

In 1 of the other 3 (alertness) themedianwas the same in the assess-
ments performed at 3 to 6 h and at 48 h and lower, expressing immature
responses, in those examined within 3 h.

In the remaining 2 item (visual orientation, consolability) themedi-
an was the same at 0 to 3 h and at 3 to 6 h and higher, expressing more
mature responses, at 48 h.

Table 1
Characteristic of population.

Gestational age (weeks) 38.8 ± 1.0

Gender (M/F) 63/61
Birth type (eutocic delivery/caesarean section) 68/56
Apgar score 1′ 8.9 ± 0.3
Apgar score 5′ 9.9 ± 0.4
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