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Objective To correlate the site and severity of brain lesions seen on magnetic resonance imaging (MRI) with the
quality of general movements in term infants with hypoxic-ischemic encephalopathy (HIE) and compare the prog-
nostic value of general movements and MRI for motor outcome.
Study design Early brain MRI scans in 34 term infants with HIE not treated with hypothermia were reviewed and
scored for site of injury and lesion pattern by an experienced neuroradiologist. General movement quality and tra-
jectories at 1 and 3 postnatal months were evaluated. Motor outcome was assessed at 24 months.
Results MRI scores for the basal ganglia and thalami, posterior limb of the internal capsule, white matter, and
cortex and lesion patterns were correlated with 1-month and 3-month general movements and general move-
ment trajectories; central gray matter scores were correlated most strongly with cramped-synchronized general
movements and abnormal motor outcome. MRI scores were 100% sensitive and 72.2% specific for motor
outcome, and cramped-synchronized general movements were 100% specific and 68.7% sensitive for motor
outcome.
Conclusions In term infants with HIE, the site and severity of brain lesions seen on early MRI are highly correlated
with general movements. Central gray matter damage leads to cramped-synchronized general movements and poor
motor outcome. Early MRI scans and general movements are complementary tools for predicting motor outcome.
(J Pediatr 2011;158:904-11).

P
erinatal hypoxic-ischemic events cause hypoxic-ischemic encephalopathy (HIE) in at least 1 to 2/1000 term-born in-
fants, and a significant proportion of these infants die or suffer from a range of disabilities.1 In recent years, neonatal
brain magnetic resonance imaging (MRI) has been used to study the effects of perinatal hypoxia-ischemia, providing

detailed information about lesion patterns in HIE and allowing early and more accurate prediction of long-term outcome.2-7

When the predominant lesions affect the basal ganglia and thalami, particularly when coupled with abnormal signal intensity
(SI) in the posterior limb of the internal capsule, the motor correlate is a spastic or dystonic cerebral palsy (CP).7,8 This pattern
is typically related to an acute severe global hypoxic-ischemic event, usually with injury to the cortex of the central sulcus and
the adjacent subcortical white matter (WM).5,6 In severe cases, the brainstem may be involved as well. The severity of cognitive
impairment relates to the extent of WM and cortical involvement.9 When the predominant lesion involves WM and cortex but
spares the basal ganglia and thalami and the posterior limb of the internal capsule (a pattern likely resulting from prolonged
partial hypoxia-ischemia), the motor outcome is often good, but there may be significant cognitive and behavioral impairments
proportional to the extent of the WM and cortical injury.9

Early neuroimaging does not obviate the need for bedside clinical assessment.10,11 Brain imaging is not always available,
images may be difficult to interpret, and not all infants follow a well-defined clinical course predictable from their imaging
findings. In addition, documenting early signs of neurologic dysfunction and introducing appropriate therapies are important.
Mercuri et al10 showed that term infants with HIE have specific patterns of muscle tone and other aspects of neonatal neurologic
function that relate to different MRI lesion patterns. Over the past 2 decades, Prechtl’s assessment of general movements has
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previous studies, both in preterm infants, have related neona-
tal brain MRI abnormalities to patterns of general move-
ments.19,20

The neuropathological changes in HIE that lead to abnor-
mal general movements remain poorly understood. In the
present study, we investigated the relationship between brain
lesions observed on early MRI and general movements in the
first 3 postnatal months in infants with HIE. We hypothe-
sized that patterns of general movement abnormalities are re-
lated to the site and severity of brain lesions as defined on
MRI. We also compared the prognostic power of MRI and
general movements for motor outcome, both in isolation
and in combination.
Methods

The study group comprised term infants born at or referred to
the University Hospital of Modena, Italy between 2003 and
2006, who were prospectively enrolled after informed parental
consent for a research project on the diagnostic and prognostic
value of spontaneous motility in infants with HIE. Ethical per-
mission for this retrospective review of generalmovements and
MRI was provided by the Ethical Committee ofModena Prov-
ince. Inclusion criteria were birth at $37 weeks’ gestational
age, abnormal cardiotocography or meconium-stained amni-
otic fluid, Apgar score #5 at 1 minute and #7 at 5 minutes,
umbilical arterypH#7.0 and/orbasedeficit$16mmol/L, adi-
agnosis of encephalopathy (defined during the first postnatal
week, using the criteria of Sarnat and Sarnat21), brain MRI
scan performed within the first 6 postnatal weeks,2 and assess-
ment of spontaneous motility at 1 month and 3 months after
birth.12,13 Neuroprotective hypothermia was not performed
in any infant. Exclusion criteriawere congenitalmalformations
or major dysmorphic features, congenital viral infections, and
defined metabolic syndromes.
MRI Acquisition and Qualitative Score
BrainMRI is routinely performed in infants withHIEwho are
born at or referred to our hospital.We selected infants with an
MRI scan obtained within the first 6 postnatal weeks, because
perinatally acquired lesions are the most readily identifiable.2

Infants were scanned using a 1.5-T scanner (Philips Intera,
Release 10.2.6; Philips Medical Systems, Best, The Nether-
lands). Conventional and diffusion-weighted MRI sequences
were obtained and analyzed by an experienced neuroradiolo-
gist (A.T.). For the purpose of this study, conventional
T1-weighted and T2-weighted spin echo sequences were re-
viewed by M.R., who was blinded to the general movements
and outcome data. The scans were scored according to previ-
ously published criteria.7 Five patterns of injury were identi-
fied, based on a modified classification system of Okereafor
et al7 (Figure 1).
Neurologic Examination and Follow-Up
A detailed neurologic evaluation was carried out during the
neonatal period.22 All infants with overt neurologic signs
were referred for early treatment. Follow-up assessments
were performed by 2 experienced neonatologists trained in
developmental neurology (M.F.R. and C.G.), a developmen-
tal psychologist (M.P.), and a physical therapist (N.B.). Neu-
romotor outcome and the presence and type of CP were
assessed at age 24 months, using a standard neurologic exam-
ination according to the protocols of Amiel-Tison and Gre-
nier23 and an extension of Touwen’s criteria.24 Motor
outcome was classified as normal (no neurologic signs),
mild motor impairment (clumsiness and/or poor balance
but no evidence of CP), or CP (permanent but not unchang-
ing disorder of movement or posture or both and of motor
function).25 The type of CP was defined as spastic (diplegia,
hemiplegia, or quadriplegia), dystonic, or athetoid. Griffith’s
developmental quotient was assessed at the same visit; these
results are presented in Table I but are not discussed
further in this report. Head circumference percentiles were
obtained from the Italian growth charts.26

Assessment of General Movements
General movements are gross movements involving the
whole body, observable from the fetal period until approxi-
mately 5 months postterm age.12,13 Two distinct patterns of
normal general movements are observed: writhing move-
ment and fidgety movements. Writhing movements, occur-
ring at term age to 6 to 9 postterm weeks, are small- to
moderate-amplitude movements of slow to moderate speed.
Fast, large, elliptical extensor movements may occasionally
break through, particularly in the arms. Fidgety movements,
seen at 6 to 20 postterm weeks, are small-amplitude move-
ments of moderate speed and variable acceleration of the
neck, trunk, and limbs in all directions, continual in the
awake infant except during crying.
Abnormal movements are defined as follows. Poor reper-

toire general movements, occurring between term age and 6-
9 postterm weeks, are monotonously sequenced successive
movements that do not occur with the complexity seen in
normal general movements. Cramped-synchronized general
movements, occurring between term and 4 to 5 postterm
months, are rigid movements without a normal smooth
and fluent character, with the limbs and trunk contracting
and relaxing almost simultaneously. Absent fidgety move-
ments, occurring at 6 to 20 postterm weeks, are characterized
by an absence of fidgety movements but the presence of other
movements.Abnormal fidgety movements, also occurring at 6-
20 postterm weeks, are fidgety-like movements with moder-
ately or greatly exaggerated amplitude, speed, and jerkiness.
If cramped-synchronized general movements are present at
3 months, then fidgety movements are by definition absent.13

All infants were videorecorded while partially dressed in
active wakefulness during outpatient visits. The recordings,
each lasting 8 to 15 minutes (mean, 12 minutes), were
made at 1 and 3 postnatal months. For the analysis, 3 or 4 ep-
isodes of general movements were selected from each record-
ing, excluding periods of crying. A collection of the general
movement video recordings at the two ages was compiled,
stored in a separate file for each infant, and anonymized
905



Figure 1. A-C, Pattern 1: moderate/severe basal ganglia and thalami damage associated with moderate/severe WM changes
and cortical injury. MRI scans of a 7-day-old infant (case 32). A, T1-weighted axial spin echo sequence showing severe bilateral
abnormally increased SI in the lentiform nuclei (white arrow) and thalami, with loss of normal SI in the posterior limb of the internal
capsule (black arrow) and cortical highlighting (arrowheads).B, T2-weighted axial spin echo sequence showing severely reduced
SI in the lentiform nuclei and thalami, abnormal SI in the posterior limb of the internal capsule (white arrow), and increased SI in the
caudate nuclei (black arrow), associated with abnormal SI in frontal WM. C, T2-weighted axial spin echo sequence showing
abnormal SI in the cortex around the interhemispheric fissure (arrows) and central sulcus, with abnormal subcortical WM on the
left. D-F, Pattern 2: basal ganglia and thalami damage associated with mild WM changes with or without cortical injury. MRI
scans of a 3-day-old infant (case 30). D, T1-weighted axial spin echo sequence showing excessively high SI in swollen lentiform
nuclei (white arrow) and ventrolateral thalamic nuclei, low SI in the posterior limb of the internal capsule (black arrow), focal WM
changes (white arrowheads), and mild cortical highlighting. E, T2-weighted axial spin echo sequence showing abnormal SI
throughout the basal ganglia and thalami and the posterior limb of the internal capsule (white arrow), with mildly increased SI in
the frontal WM (black arrow). F, T2-weighted axial spin echo sequence showing focal cortical and subcortical WM SI abnor-
malities. G, Pattern 3: focal thalamic lesion with or without cortical injury. T1-weighted axial spin echo sequence in a 6-day-old
infant (case 10) showing a limited area of abnormal SI in the right thalamus (arrow) and slightly elevated SI in the globus pallidus.
H, Pattern 4: predominant WM damage (moderate/severe) with or without cortical injury with or without mild basal ganglia and
thalami changes. T2-weighted axial spin echo sequence in an 18-day-old infant (case 17) showing severe abnormally high SI in
the WM with low SI in the cortex of the central sulcus. I, Pattern 5: mild WM abnormalities with or without mild cortical changes
but with normal basal ganglia and thalami, or normal imaging. T2-weighted axial spin echo sequence in a 5-day-old infant (case 3)
showing slightly high SI in the WM.

THE JOURNAL OF PEDIATRICS � www.jpeds.com Vol. 158, No. 6

906 Ferrari et al



June 2011 ORIGINAL ARTICLES
for study analysis. A general movement trajectory was de-
scribed for each infant from the assessments at 1 month
and 3 months.12,13 The quality of general movements was as-
sessed independently by an observer blinded to the imaging
and outcome data (M.M.B.) and also by an experienced
trainer of general movement assessment (F.F.). Interobserver
agreement was 92%. In cases of disagreement, the video re-
cordings were reassessed and and agreement was reached af-
ter discussion.

Statistical Analysis
Data were analyzed using Stata version 10.0 (StataCorp, Col-
lege Station, Texas). Sensitivity, specificity, positive predictive
value (PPV) andnegative predictive value (NPV), and accuracy
formotor outcomewere calculated for both generalmovement
assessment and MRI. General movement assessment was
categorized as normal (writhing movements/normal fidgety
movements), transiently abnormal (poor repertoire general
movements/normal fidgety movements), or persistently ab-
normal (poor repertoire general movements/abnormal fidgety
movements, poor repertoire generalmovements/absent fidgety
movements, poor repertoire general movements/cramped-
synchronized general movements, cramped-synchronized
general movements/absent fidgety movements, or cramped-
synchronized general movements/cramped-synchronized gen-
eral movements). For the purpose of analysis, we compared
patterns 1 and 2 (both with predominant basal ganglia and
thalami lesions) with patterns 3 to 5 (isolated thalamic injury,
predominant white matter injury, or normal).

We used Spearman rank correlation coefficient (r) to study
the correlations among general movement assessments at 1
month and 3 months, general movement trajectories, and
motor outcomes, as well as the correlations between each
MRI lesion pattern and motor outcome. We performed mul-
tinomial logistic regression to examine the correlation be-
tween the site and severity (score) of MRI brain lesions and
motor outcome. We used univariate analysis to explore the
relationships among quality of general movements, general
movement trajectories, and patterns of MRI abnormalities,
and multivariate analysis with ordinal regression techniques
to assess the most predictive model for motor outcome. Dif-
ferences with P <.05 were considered statistically significant.
Results

Perinatal Data
During the study period, 43 term-born infants fulfilled the
inclusion criteria; 9 infants were not studied (5 due to loss
to follow-up, 1 due to neonatal death, and 3 due to insuffi-
cient clinical data). Thus the study group comprised 34 in-
fants (20 males, 14 females), with a mean gestational age of
40.4 � 1.2 weeks. Cardiotocographic abnormalities were
present in 25 infants, and a clearly identifiable sentinel event
was seen in 6 infants (2 with placental abruption, 3 with
umbilical cord prolapse, and 1 with uterine rupture). Four
infants had a prolonged second stage, including 2 with shoul-
General Movements in Full-Term Infants with Perinatal Asphyxia
der dystocia, and 22 infants had meconium-stained liquor.
Thirteen infants were delivered by emergency cesarean sec-
tion. Mean birth weight was 3536 � 457 g, mean cord pH
was 6.9 � 0.1, and mean cord base deficit was 17.7 � 5.6
mmol/L. Median Apgar scores were 2 at 1 minute and 4 at
5 minutes. In all cases, major resuscitation was required.
Nine infants developed stage 1 HIE, 11 infants had stage 2
HIE, and 14 infants had stage 3 HIE.

Motor Outcome
Of the 34 children studied, 16 developed CP, only 1 of whom
could walk by age 2 years (case 21). One child died, at age 4
years (case 24). All 4 children with mild motor impairment
could walk independently by age 2 years, as could the 14 chil-
dren classified with normal motor outcome. Head circumfer-
ence percentile at age 2 years was maintained within the birth
percentile or increased in all of the children with a normal
outcome and in 2 of the children with mild motor impair-
ment; it decreased (but by only 1.34 standard deviation) in
the other 2 children with mild motor impairment. Among
the infants with CP, head circumference percentile decreased
by >2 standard deviations in all but 4 infants.

General Movements and Motor Outcome
None of the 15 infants with normal or transiently abnormal
general movements developed CP; 12 had a normal motor
outcome, and 3 had mild motor impairment. Of the 19 in-
fants with persistently abnormal general movements, 16 de-
veloped CP, 1 developed a mild motor impairment, and
only 2 were considered normal. All 11 infants with
cramped-synchronized general movements at any time de-
veloped CP (specificity, 100%; sensitivity, 68.7%; PPV,
100%; NPV, 78.3%). Motor outcome was less predictable
in the 8 infants with abnormal general movements without
cramped-synchronized general movements (poor repertoire
general movements/abnormal fidgety movements or poor
repertoire general movements/absent fidgety movements).
The quality of general movements at the 3-month assessment
had the highest correlation with motor outcome (r = 0.83).
General movement trajectories were 100% sensitive and
83.3% specific for motor outcome (PPV, 84.2%; NPV,
100%); the low specificity was due to 3 infants with abnormal
general movement trajectories who did not develop CP (cases
1, 13, and 17). All 15 infants with normal fidgety movements
at the 3-month assessment had a normal motor outcome
(Table II).

MRI Findings and Outcome
The mean age at MRI was 12.2 days (range, 3 to 37 days); 9
infants were scanned at #4 postnatal days. All scans were
of sufficiently good quality for evaluation. MRI-detected in-
jury patterns and motor outcome were significantly corre-
lated (P <.001). Of the 21 infants with pattern 1 or 2
(predominant basal ganglia and thalami injury), 16 devel-
oped CP, 1 had mild motor impairment, and 4 had a normal
outcome. TheMRI images in these 5 infants with pattern 1 or
2 who did not develop CP were obtained within 4 days of
Are Related to Basal Ganglia and Thalamic Lesions 907



Table I. Site and severity of brain damage, pattern of
lesions, and motor outcome in individual cases

Case HIE

MRI
Motor

outcome DQBGT PLIC WM Cortex Pattern

1 3 2 2 3 1 1 Normal 106
2 1 0 0 1 0 5 Normal 105
3 1 0 0 1 0 5 Normal 96
4 2 1 1 1 1 2 Normal 108
5 1 0 0 2 0 4 Normal 106
6 2 0 0 1 0 5 Normal 105
7 2 0 0 2 0 4 Normal 101
8 2 0 1 1 1 5 Normal 112
9 2 1 2 1 0 2 Normal 104
10 1 1 0 0 0 3 Normal 103
11 1 0 0 1 0 5 Normal 110
12 2 0 0 1 0 5 Normal 112
13 1 1 1 1 1 2 Normal 112
14 1 0 0 0 0 5 Normal 108
15 2 0 0 3 2 4 Mild impairment 94
16 2 2 2 2 1 1 Mild impairment 115
17 3 0 1 3 2 4 Mild impairment 90
18 2 1 1 2 1 4 Mild impairment 102
19 3 2 1 3 2 1 Spastic diplegia <50
20 3 3 2 3 3 1 Spastic quadriplegia <50
21 2 2 1 1 1 2 Spastic hemiplegia 82
22 3 3 1 3 2 1 Spastic quadriplegia <50
23 3 3 2 3 1 1 Dystonic CP <50
24 3 3 2 3 2 1 Spastic quadriplegia <50
25 3 3 2 3 3 1 Spastic quadriplegia <50
26 3 3 2 2 3 1 Spastic quadriplegia <50
27 3 3 2 3 3 1 Spastic diplegia <50
28 3 3 2 3 1 1 Dystonic CP <50
29 3 3 1 2 2 1 Spastic quadriplegia <50
30 3 3 2 1 1 2 Dystonic CP <50
31 1 2 2 1 0 2 Dystonic CP <50
32 3 3 2 3 2 1 Spastic quadriplegia <50
33 2 3 2 2 1 1 Dystonic CP <50
34 1 2 2 1 1 2 Dystonic CP 60

BGT, basal ganglia and thalami; DQ, Griffith’s developmental quotient; PLIC, posterior limb of
the internal capsule. SI scores range from 0 to 3 for BGT, WM, and cortex and from 0 to 2 for
PLIC.
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birth. Ten of the 13 infants with pattern 3, 4, or 5 had a nor-
mal motor outcome. The remaining 3 infants, all of whom
had pattern 4 (predominant WM involvement), developed
mild motor impairment but not CP.

Multinomial logistic regression showed that basal ganglia
and thalami lesions, predominant in patterns 1 and 2, were
the best imaging predictors for CP (P <.001). Ordinal logistic
regression confirmed the predictive role of basal ganglia and
thalami injury (OR, 2.35; 95% CI, 1.02 to 3.68). MRI findings
were 100% sensitive and 72.2% specific for motor outcome
(PPV, 76.2%; NPV, 100%; accuracy, 85.3%). The lower spec-
ificity was due to 5 infants with predominant basal ganglia
and thalami injury (2 infants with pattern 1 and 3 infants
with pattern 2) but a normal motor outcome (Table I).

General Movements, MRI, and Outcome
All 11 infants with cramped-synchronized general move-
ments (at either just the 3-month assessment or both assess-
ments) developed CP and were among the 21 infants with
predominant basal ganglia and thalami injury (patterns 1
and 2). Of the 7 infants with pattern 1 or 2 with persistently
abnormal but not cramped-synchronized general move-
908
ments (poor repertoire general movements/abnormal fidgety
movements or poor repertoire general movements/absent
fidgety movements), 5 developed CP and 2 were normal.
Three infants (cases 4, 9, and 16) with normal or transiently
abnormal general movements had a normal outcome or mild
motor impairment. None of the 13 infants with pattern 3, 4,
or 5 had cramped-synchronized general movements or devel-
oped CP.
The quality of general movements at the 1- and 3-month

assessments and general movement trajectories were com-
pared with MRI scores for the basal ganglia and thalami, pos-
terior limb of the internal capsule, WM, and cortex and to
lesion patterns. All sites were significantly correlated with
general movement assessments (P <.05). The correlation
was highest between the 3-month general movement assess-
ment and the basal ganglia and thalami score (r = 0.85); there
was also a strong correlation between general movements and
lesion patterns, especially at 3 months (r = 0.76). On multi-
variate analysis, the best predictors of motor outcome, cate-
gorized as normal/mild motor impairment/CP, were the
basal ganglia and thalami and cortex MRI scores together
with general movements assessed at 3 months (R2 = 0.86).
Cramped-synchronized general movements were always

related to the development of CP and to predominant basal
ganglia and thalami lesions (P <.001). At the 3-month gen-
eral movement assessment, normal fidgety movements,
cramped-synchronized general movements, and abnormal
fidgety general movements were strongly correlated with out-
come, whereas outcome was less certain for absent fidgety
movements not preceded by cramped-synchronized general
movements at the 1-month assessment (Figure 2).
Timing of MRI
Nine infants underwent MRI on or before postnatal day 4
(cases 1, 4, 9, 13, 22, 23, 24, 30, and 31), and 25 infants un-
derwent MRI after this time. In the 25 infants scanned later,
the MRI findings (patterns 1 and 2) and cramped-
synchronized general movements were consistent with out-
come in 11 infants who developed CP and in 10 who had
a normal outcome. The other 4 infants developedmild motor
impairment, 3 with MRI pattern 4 (cases 15, 17, and 18, 1
with persistently abnormal general movements and 2 with
transiently abnormal general movements), and 1 (case 16)
with MRI pattern 1 but normal general movements.
All 9 infants who underwent MRI on or before postnatal

day 4 were classified with injury pattern 1 or 2. Five of these
infants (cases 22, 23, 24, 30, and 31) developed CP, as antic-
ipated from their MRI and general movement assessment
findings. However, 4 infants (cases 1, 4, 9, and 13) had a nor-
mal motor outcome at 2 years. In 2 of these infants, the gen-
eral movements were transiently abnormal (poor repertoire
general movements/normal fidgety movements), and in the
other 2 they were persistently abnormal (poor repertoire gen-
eral movements/absent fidgety movements), but no infant
had cramped-synchronized general movements.
Ferrari et al



Table II. General movement scores at 1 and 3 months,
general movement trajectories, and motor outcomes

General movements

Motor outcome

Normal Mild motor impairment CP

1 month
N 4 1 -
PR 10 3 7
CS - - 9
Spearman rank r = 0.645 P < .001

3 months
F+ 12 3 -
AF - - 1
F- 2 1 5
F-/CS - - 10
Spearman rank r = 0.829 P < .001

General movement trajectories
N/F+ 4 1 -
PR/F+ 8 2 -
PR/AF - - 1
PR/F- 2 1 4
PR/CS - - 2
CS/F- - - 1
CS/CS - - 8
Spearman rank r = 0.804 P < .001

AF, abnormal fidgety movements; CS, cramped-synchronized general movements; F+, fidgety
movements; F�, absent fidgety movements; N, writhing movements; PR, poor repetitive
general movements.
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Discussion

Our comparison of early MRI brain findings and general
movement assessments in term infants with HIE provides ev-
idence of close correlations between the individual site, sever-
ity, and pattern of brain lesions and the quality of general
movements. Few previous studies have examined the rela-
tionship between brain lesions and quality of general move-
ments in term-born infants.

In full-term infants affected by neonatal cerebral infarc-
tion, Guzzetta et al27 detected movement asymmetries as
early as 3 to 6 weeks postterm age that were predictive of later
hemiplegia. All but one of these infants had concomitant ip-
silateral involvement of the cerebral hemisphere, basal gan-
glia, and posterior limb of the internal capsule on neonatal
MRI. In term infants with perinatal asphyxia and HIE,
Prechtl et al15 detected important effects on spontaneous mo-
tility and found a correlation between general movements
and cranial ultrasound and computed tomography scan
data at 15 to 22 postnatal weeks; they did not examine the re-
lationship between individual neuroimaging abnormalities
and general movements, however.

van Iersel et al28 compared the quality of general move-
ments with cranial ultrasound findings in term infants with
HIE and found a correlation between abnormal general
movements at 3 month assessment and increased SI in the
periventricular WM. They suggested that abnormal general
movements result from dysfunction or damage to the cortical
subplate or the efferent motor connections running through
the periventricular WM, a concept also put forward by Had-
ders-Algra.29 However, van Iersel et al28 did not mention any
abnormalities in the central gray matter or cortex, and it is
General Movements in Full-Term Infants with Perinatal Asphyxia
difficult to reconcile their findings with our results or with
the pattern of injury to the basal ganglia and thalami gener-
ally anticipated in HIE.
In the present study, we found that the quality of general

movements was highly correlated with the severity of the in-
jury to the central gray matter (patterns 1 and 2), the hall-
mark of acute perinatal asphyxia in full-term infants.7 All
of the infants with severely abnormal general movements
and poor motor outcome exhibited this pattern of brain in-
jury. In contrast, when WM lesions were predominant, in
isolation or with cortical injury and/or mild basal ganglia
and thalami changes, general movements were normal or
transiently abnormal, and motor outcome was normal or
mild motor impairment in all but one case.
The impact of central gray matter lesions on early motor

behavior of young infants has been poorly explored so far.
A study by Einspieler et al17 of infants who later developed
dyskinetic CP demonstrated that all cases had an abnormal
quality of general movements in the second postnatal month.
Brain imaging well beyond the neonatal period showed that
the majority were affected by basal ganglia lesions, in some
cases associated with WM damage.
Our study shows a strong correlation between central gray

matter lesions and cramped-synchronized general move-
ments. This pattern of general movements is the most se-
verely abnormal and was seen only in infants with basal
ganglia and thalami lesions, not in those in whomWM injury
was the predominant pattern. In preterm infants, cramped-
synchronized general movements are considered an early
and specific marker for CP if consistent or predominant
from birth to 5 months postterm age.18 We found that unlike
in preterm infants, in full-term infants cramped-
synchronized general movements are predictive of CP even
when only transiently persistent or of late onset. Thus, the
generation of this abnormal movement pattern may not be
entirely site-specific as has been suggested28,29; it is likely
that the central gray matter plays an important role in early
motor behavior, in association with the gestational age at
which the injury occurred and the severity of the damage. Se-
vere central gray matter injury is not common in preterm in-
fants, although it has been described in association with very
poor outcomes and early death.30 Thus, there has been little
opportunity to examine the relationship between preterm
basal ganglia and thalami injury and general movements. It
is likely that with more sophisticated neuroimaging tech-
niques, we will be able to better define the site, severity,
and evolution of the lesions, and possibly identify the role
of the neuronal networks between brain structures in gener-
ating normal and abnormal patterns.
We found that both MRI pattern and quality of general

movements had a very high predictive value for motor out-
come. A normal MRI scan predicted a normal outcome in
all cases (NPV, 100%), and a normal general movements tra-
jectory always correlated with a normal outcome (NPV,
100%). Conversely, there was a strong correlation between
cramped-synchronized general movements (present only in
infants with predominately basal ganglia and thalami injury
Are Related to Basal Ganglia and Thalamic Lesions 909



Figure 2. Prediction of motor outcome with the combined use of MRI and general movement assessment.
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patterns) and CP, with the low sensitivity (68.7%) due to 5
infants who developed CP without having demonstrated
cramped-synchronized general movements; of note, none
of these infants had normal fidgety movements at 3 months.

The present study has some limitations. The study group
probably includes fewer grade 1HIE infants than would be ex-
pected, given that not all less severely affected infants are re-
ferred to our tertiary center. A second limitation is related to
the timing of MRI, performed over the first 6 postnatal weeks,
a relatively long period. We found that in MRI images ac-
quired very early, the conventional sequences were not as re-
liable in predicting motor outcome as they were in MRI
performed later. Overestimation of brain injury due to tran-
sient abnormalities, such as cerebral edema, or underestima-
tion of the severity of damage could occur. In our study, no
case of underestimation was observed, but an overestimation
of the injury appears to have occurred, with 4 cases with pat-
terns 1 and 2 surprisingly demonstrating a normal 2-year mo-
tor outcome. General movement assessment aided the
prediction of outcome, with 2 of these infants showing normal
general movements at 3 months. It is interesting that those 4
infants had abnormal general movements and that in 2 cases
they were still present at 3 months, suggesting that brain dys-
function was present and not limited to the immediate post-
natal period, but was followed by later recovery of motor
behavior. This observation supports our early interpretation
of the MRI images in these infants.

In conclusion, both conventional MRI and general move-
ment trajectories are extremely useful in predicting motor
outcome in full-term infants with HIE. Our study demon-
strates that the quality of general movements, particularly
910
cramped-synchronized general movements, depends mainly
on the severity of central gray matter damage. The pattern
of damage seen on early MRI and the presence or absence
of cramped-synchronized general movements gives the high-
est predictive power for both good and poor motor out-
comes, and the techniques are complementary. When MRI
is not available, the assessment of general movements at 1
and 3 months is simple and cost-effective, has comparable
value in predicting motor outcome, and can be used to iden-
tify infants who might benefit from early referral for physio-
therapy or other interventions. n
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