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Summary 
BACKGROUND: Assessment of general movements (GMs) at three months is considered 
useful for prediction of adverse neurological outcome in high risk infants.
AIMS: To study the prevalence of abnormal GMs in infants born from women with 
early-onset hypertensive disorders of pregnancy and the association of GMs with neu-
rodevelopmental outcome at one year. 
STUDY DESIGN: Prospective study, part of a randomized controlled trial of pre-birth 
management strategies.
SUBJECTS: Infants born from women with early-onset hypertensive disorders of 
pregnancy.
OUTCOME MEASURES: GMs observation and neurological examination at term and 
three months corrected age; at one year neurological examination and Bayley Scales 
of Infant Development. 
RESULTS: From 216 women included, 175 of 178 surviving infants (mean gestational 
age 31.6 weeks [SD 2.3], mean birth weight 1346 grams [SD 458]), were examined 
at three months. At term age normal, mildly abnormal and definitely abnormal GMs 
were observed in 54%, 36% and 10% respectively; and at three months in 47%, 40% 
and 13%. Mildly or definitely abnormal GMs at three months were not associated with 
abnormal neurological examination at one year, however, they were associated with 
delayed psychomotor development at one year (P = .01). 
CONCLUSIONS: In this prospective study, including small for gestational age, preterm 
infants about half of them did not have normal GMs at term and three months. There 
was no association of GMs at term nor three months with neurological outcome at 
one year, but there was a significant association of GMs at three months with one year 
psychomotor development.



Introduction
Early-onset hypertensive disorders of pregnancy are associated with increased perinatal 
morbidity and mortality.1 Contributing factors are fetal growth restriction and 
(iatrogenic) preterm delivery.1,2 Neonatal neurological outcome can be described by 
neurological examination, but also by observation of the quality of spontaneous motility 
of the infant, the General Movements (GMs).3 GMs are spontaneous movements 
involving all parts of the body. Particularly the quality of GMs at 2 to 4 months post 
term (so called fidgety GMs) has been found to have a high predictive value for later 
development of neurological deficits.3-11 In these studies on GMs, the populations 
were relatively small, and the selection of infants was generally based on their risk of 
adverse neurological outcome, e.g. abnormal neonatal brain imaging,3,4,6,7 growth 
restriction,5,8 being preterm with transient periventricular echodensity6 or repeated 
abnormal general movements up to 22 weeks post term.10 It has been reported 
recently that even in healthy term born infants mildly abnormal GMs were observed 
in 18-24% and definitely abnormal GMs in 0-7% of the infants at three months.12,13 
Cohort studies of infants who are characterized by well defined obstetric pathology 
are absent.

We here report GMs of infants, born from women with early-onset hypertensive 
pregnancy disorders, participating in the Preeclampsia Eclampsia TRial Amsterdam 
(PETRA). In this randomized trial we studied the effect of plasma volume expansion on 
maternal and perinatal outcome in women with early-onset preeclampsia undergoing 
temporizing management. No significant differences were observed in the primary 
study endpoint (neurological examination), nor in secondary endpoints (neonatal 
survival, neonatal and maternal morbidity) both at term age.14

The aim of the present prospective study was to describe GMs at term age and three 
months post term, and their association with neurological examination performed 
at the same ages. Furthermore, the predictive validity of GMs at three months for 
the observed neurological outcome (neurological examination) and psychomotor 
development (Bayley scales) at one year corrected age was evaluated. 

Subjects and methods 

Subjects
The PETRA trial was a randomized trial that consecutively enrolled 216 women at a 
gestational age between 24 and 34 completed weeks with a singleton pregnancy and 
with severe preeclampsia, HELLP syndrome or fetal growth restriction with pregnancy 
induced hypertension or preeclampsia.14 Inclusion criteria are specified in Table I.15-17 
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The study was conducted at the Departments of Obstetrics of the Academic Medical 
Center and the VU University Medical Center in Amsterdam, The Netherlands, between 
April 1 2000 and May 31 2003. Methods have been described in full previously.14 In 

line with the institutional review board approval of both hospitals, informed consent 
was obtained prior to inclusion. Patients were subjected to a temporizing management 
strategy with plasma volume expansion (treatment group) or a strategy without plasma 
volume expansion (control group). In all cases, management consisted of intensive 
monitoring of fetal (twice daily fetal non-stress tests by means of cardiotocography and 
twice weekly Doppler ultrasound) and maternal condition (among others blood pressure 
at least four times daily, and laboratory testing at least twice weekly). Hypertension was 
managed with fixed protocols (80% of patients receiving one or more medications). 
Magnesium sulphate was prescribed for treatment of eclampsia and in patients with 
clinical signs of imminent eclampsia. Corticosteroids were administered to patients, 
if delivery was thought to be imminent before 33 weeks, based on maternal disease 
deterioration or fetal Doppler abnormality. All but three mothers of infants, who were 
delivered alive before 33 weeks, had been given corticosteroids. Fetal indications for 
delivery were repeated decelerations or prolonged low variability on fetal heart rate 
tracings. Maternal indications were therapy-resistant hypertension, pulmonary edema 
and recurrent HELLP syndrome. 
During the first four weeks of life sonographic examinations of the brain were made 
assessing Periventricular Leukomalacia (PVL)18 and Intraventricular Hemorrhages 
(IVH).19 Two neonatologists (WPFF and LvS), unaware of treatment allocation, reviewed 
and classified all individual cases of neonatal morbidity.

Assessment of spontaneous motor activity, general movements (GMs)
At term age and three months, an observation of 15 minutes of spontaneous GMs 
was recorded on videotape. The observations were performed in the outpatient clinic 
of the Academic Medical Center, the VU University Medical Center, or the referring 
hospital, on the neonatal ward in case the infant was still admitted to the hospital, or 
at home in case the infant was recently discharged. 

Table I. Definitions of included hypertensive disorders of pregnancy

Hypertensive disorder of pregnancy

Severe preeclampsia15 diastolic blood pressure ≥110 mm Hg and proteinuria ≥0.3 
g/24 hours

HELLP syndrome16 platelet count <100 x 109/L and aspartate aminotransferase 
≥70 U/L and lactate dehydrogenase ≥600 U/L

Fetal growth restriction and pregnancy 
induced hypertension17

estimated fetal weight <p10 and diastolic blood pressure 
≥90 mm Hg
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The infants were in supine position, dressed in a diaper, 30 minutes after a feed, in a 
quite room at a comfortable temperature. The infants were not exposed to extraneous 
sensory stimuli. When infants were distressed, efforts as extra feeding, change of 
diapers, parental comforting or applying a pacifier up till 30 minutes for each parent-
infant pair were made to calm them down.
GMs were analyzed ‘off-line’ during replay of the videotape recording by one highly 
trained pediatric physical therapist (VS), unaware of the medical history of the infants 
and the treatment regime of their mothers. GMs were examined during an awake, 
active, non-crying behavioral state (state 4).20 GMs were categorized as normal, mildly 
abnormal or definitely abnormal based on the qualitative judgment of their complexity, 
variation and fluency as described at first by Prechtl,21 and further specified by Hadders-
Algra.22 At three months, if fidgety movements were abnormal, GMs were classified as 
mildly abnormal, and if fidgety movements were absent as definitely abnormal. 

Neurological examination
At term age and at three months, a neurological examination was performed.23,24 
Both scores were expressed by a numerical score with a maximum of 60, where 58 or 
higher was considered normal, 54-57 suspect and below 54 as abnormal.
At one year a neurological examination according to Touwen et al. was performed.24 
This test was classified as normal when there were no abnormalities of tone and 
posture, as suspect when there were mild abnormalities of tone and posture, with no 
or moderate delay in motor development, and as abnormal when there were definite 
abnormalities in tone and posture, resulting in a delayed motor development. During 
the same visit the mental and psychomotor development of the child were assessed 
according to the Bayley Scales of Infant Development II.25 The standardized mental 
(MDI) and psychomotor development indices (PDI) of these scales have a mean of 100 
and a standard deviation of 15. A MDI or PDI score equal or above 85 was classified 
as normal development, a score of 70 to 84 was classified as moderately delayed and 
a score below 70 as severely delayed development.

Statistical procedures
Statistical analysis was performed by Χ2 tests. It was intended that if no differences 
were observed between randomization groups, further analysis would be performed 
in the complete study group. All test results were analyzed by comparison of normal 
outcome with moderate or severe abnormal outcome. Statistical analysis was performed 
with SPSS software (version 11.5 SPSS Inc, Chicago). All comparisons were tested two-
sided with P = .05 as level of significance.
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Results
During the study period, 216 women were assigned randomly to the control group 
(105 women) or to the treatment group (111 women). At term age 180 infants were 
alive, of which one infant died due to chronic lung disease before three months, and 
two women refused follow-up. At three months 177 infants came for examination. 
Two infants had to be excluded due to a non-operating video system. In 175 infants 
GMs could be evaluated. One of these infants died due to chronic lung disease at the 
age of 142 days, two women refused further participation and three could not be 
traced at one year. The Bayley test was performed on 169 of the 175 included infants 

Maternal age (year) 30.4 (5.0)

Non-Caucasian 47 (26)

Nulliparity 121 (69)

Non-smoking 163 (93)

Body Mass Index 24 (4.4)

Educational level high 52 (30)

average 54 (36)

low 61 (34)

Gestational age at inclusion (weeks) 30.2 (2.2)

Corticosteroids for fetal lung maturation 131 (75)

Maternal diagnoses at discharge severe preeclampsia# 133 (76) 

HELLP syndrome# 72 (41)

fetal growth restriction# 158 (90)

AREDF 29 (17)

Maximal measured PI umbilical artery 1.73 (0.61)

Maximal U/C-ratio 1.38 (0.64)

Prolongation of pregnancy (days) 11.6 (10.2)

Cesarean section/ fetal indication 163 (93)/ 141 (81)

Major maternal morbidity‡ 59 (34)

Treatment regime mother without/with PVE 89 (51)/ 86 (49) 

Values presented as mean (SD) or numbers (%) as appropriate.
#Categories not mutually exclusive.
‡Major maternal morbidity: eclampsia, encephalopathy, pulmonary edema, liver hematoma, abruptio 
placentae, severe infectious morbidity, and severe thrombotic morbidity. 
AREDF= absent or reversed end-diastolic flow of the umbilical artery; HELLP= hemolysis elevated liver 
enzymes low platelets; PI= pulsatility index; PVE= Plasma Volume Expansion; U/C-ratio= umbilical 
artery pulsatility index divided by middle cerebral artery pulsatility index.

Table II. Baseline characteristics of the mothers (n=175)
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(97%). The PDI was unavailable in one infant due to a spica cast for neonatal hip 
dysplasia and in one infant because of non-cooperativeness. Baseline characteristics 
were comparable between randomization groups14 and are depicted in Table II. The 
mean gestational age at delivery was 31.6 weeks (SD 2.3) and mean birth weight was 
1346 (SD 458); 158 infants (89%) were small for gestational age. Twenty six infants 
(15%) had neonatal morbidity with one or more of the following diagnoses: chronic 
lung disease (n=15), PVL grade I (n=7), PVL grade II (n=2), IVH grade III (n=1) or IVH 
grade IV (n=1).

Prevalence of normal, mildly abnormal and definitely abnormal GMs 
GM categories were not statistically different between the two maternal management 
strategies (P = .331), thus all intended analyses were performed for the whole 
group.  
At term age, 95 (54%) of the 175 infants had normal GMs, 63 infants (36%) had 
mildly abnormal and 17 infants (10%) had definitely abnormal GMs. At three months, 
83 infants (47%) had normal GMs, 70 infants (40%) had mildly abnormal and 22 
infants (13%) had definitely abnormal GMs (Table III). Less than half of the infants 
(n=79; 45%) did not change in GM categories from term age to three months, while 
55 infants (31%) deteriorated and 41 infants (23%) improved over time. GMs at 
term age were not correlated with GMs at three months. 

Relation between GMs and neurological examination 
at term age and three months 
The distribution of neurological examination at term age and three months is 
depicted in Table III. Infants with mildly or definitely abnormal GMs at term age had 
significantly more often a suspect or abnormal neurological examination at term age 
(P = .001). GMs at three months were not related to neurological examination at 
three months (P = .12). 

GMs at three months and outcome at one year 
Mildly or definitely abnormal GMs at three months were not related to neurological 
examination at one year (P = .85) or MDI (P = .41)(Table III). However, infants 
with mildly or definitely abnormal GMs at three months had significantly more 
frequently a moderately or severely delayed PDI at one year than infants with 
normal GMs at three months (P = .01). Neurological examination at three months 
was related to PDI at one year (P = .04), but not with neurological examination (P 
= .16) or MDI (P = .07). 
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Table III. Neonatal morbidity and test results at term age, three months and one year, 
specified for the three months General Movements (GMs) results (n=175)

Total group GMs three months

normal
n=83 (47%)

mildly abnormal
n=70 (40%)

definitely abnormal
n=22 (13%)

PVE 86 (49) 43 (52) 30 (43) 13 (60)

Neonatal outcome

Male gender 85 (49) 39 (47) 35 (50) 11 (50)

GA at delivery 223 (17) 223 (16) 224 (17) 221 (18)

Birth weight 1346 (458) 1358 (450) 1355 (441) 1266 (549)

Neonatal morbidity 26 (15) 11 (13) 11 (13) 4 (18)

CLD > 36 weeks GA 15 (9) 5 (6) 9 (13) 1 (5)

Brain sonography

PVL gr I 7 5 1 1

PVL gr II 2 1 - 1

IVH gr I 21 9 8 4

IVH gr II - - - -

IVH gr III 1 - 1 -

IVH gr IV 1 - - 1

GM at term age (n=175)

normal 95 (54) 47 (57) 38 (54) 10 (46)

mildly abnormal 63 (36) 29 (35) 27 (39) 7 (32)

definitely abnormal 17 (10) 7 (8) 5 (7) 5 (23)

Neurological examination at term age (n=174)

normal 127 (73) 60 (73) 51 (73) 16 (73)

suspect 37 (21) 17 (21) 15 (21) 5 (23)

abnormal 10 (6) 5 (6) 4 (6) 1 (5)

Neurological examination at 3 months (n=175)

normal 112 (64) 58 (70) 46 (66) 8 (36)

suspect 52 (30) 23 (28) 19 (27) 10 (46)

abnormal 11 (6) 2 (2) 5 (7) 4 (18)

Neurological examination at 1 year (n=169)

normal 147 (84) 70 (84) 58 (83) 19 (86)

suspect 18 (10) 8 (10) 8 (11) 2 (9)

abnormal 4 (2) 2 (3) 1 (1) 1 (5)

missing 6 (3) 3 (4) 3 (4) 0

PDI at 1 year (n=167) 83.87 (13.7) 78.40 (13.4) 75.55 (10.9)

normal 57 (33) 34 (41) 18 (26) 5 (23) *

mildly delayed 83 (47) 34 (41) 36 (51) 13 (59)

significantly delayed 27 (15) 10 (12) 13 (19) 4 (18)

missing 8 (5) 5 (6) 3 (4) 0

MDI at 1 year (n=169) 89.84 (9.6) 87.03 (9.7) 85 (7.8)

normal 105 (60) 52 (63) 42 (60) 11 (50)

mildly delayed 61 (35) 27 (32) 23 (33) 11 (50)

significantly delayed 3 (2) 0 3 (4) 0

missing 6 (3) 4 (5) 2 (3) 0
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In Table IV the individual developmental trajectories are presented for those infants 
with abnormalities on neonatal brain sonography (PVL I-IV and IVH III-IV). These 
trajectories demonstrate that GM categorization and neurological examination 
change during development. From the four infants with higher grading PVL II or IVH 
III-IV, three had mildly or definitely abnormal GMs at three months, two had suspect 
neurological examination at three months and two had abnormal neurological 
examination at one year. 
Abnormalities on neonatal brain sonography were not significantly correlated to 
neurological examination at one year (P = .15) or MDI (P = .07) or PDI (P = .69).

Values presented as mean (SD) or numbers (%) as appropriate.
*Difference statistically significant at p < .05 (PDI normal versus mildly and significantly delayed).
GA= gestational age; PVL= periventricular leukomalacia; IVH= intraventricular hemorrhage; PDI= psychomotor 
developmental index; MDI= mental developmental index.

Table IV. Individual trajectory of GMs and neurological examination at term and three 
months, and outcome at one year in infants with abnormalities in neonatal brain sonography 
from PVL and IVH III-IV

term age 3 months 1 year

Number PVL and/or IVH GM Neur ex GM Neur ex MDI PDI Neur ex 

1 IVH IV n n a n ma n n

2 IVH III n n ma ma n ma n

3 PVL II + IVH I a a a ma n ma a

4 PVL II n a n n ma a a

5 PVL I + IVH I n n n n n n n

6 PVL I + IVH I ma a n ma n ma n

7 PVL I n ma n n ma ma ma

8 PVL I ma n n ma ma n n

9 PVL I n n ma n ma a n

10 PVL I n n a n ma ma n

11 PVL I n ma n ma ma ma n

PVL= periventricular leukomalacia; IVH= intraventricular hemorrhage; GM= general movement; 
Neur ex= neurological examination; MDI= mental developmental index; PDI= psychomotor 
developmental index; n= normal; ma= suspect (neurological examination) / mildly abnormal GM 
/ mildly delayed MDI or PDI; a= abnormal (neurological examination) / definitely abnormal GM / 
severely delayed MDI or PDI.
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Discussion
This is the first large prospective study on the quality of general movements in 
infants from mothers with early-onset hypertensive disorders of pregnancy. Because 
of placental insufficiency a high proportion of preterm and/or small for gestational 
age infants is common after such pregnancies. In our cohort, indeed 98% was born 
prematurely, while 89% was small for gestational age. In this patient group, with 
high perinatal risk, we found a high (about 50%) prevalence of mildly and definitely 
abnormal GMs both at term and three months. 
The prevalence of abnormal GMs varies considerably between studies, depending 
on the characteristics of the studied populations. Studies in high risk populations, 
based on growth restriction or sonographic brain lesions, reported a prevalence of 
45% to 100%.4,8 In two low risk populations, one characterized by preterm and term 
infants with at most  transient echodensities or IVH grade I, and another by preterm 
infants born after an uncomplicated pregnancy and delivery and uneventful neonatal 
period, a prevalence of 0-17% was found.3,4 In healthy term infants at the age of 
three months a prevalence of definitely abnormal GMs was observed 0% to 7% and of 
mildly abnormal GMs of 18%  to 24%.12,13

The results of our study group of preterm, growth restricted infants selected on 
maternal hypertensive disorders of pregnancy were comparable to the low-risk 
population as mentioned above (at three months definitely abnormal GMs 13%). The 
high prevalence of mildly abnormal GMs at three months (40%) is in agreement with 
the study of Hadders-Algra in a mixed high-low risk population.7

The prevalence of abnormal GMs is highly influenced by the severity of cerebral damage 
as visualized on ultrasound (PVL and IVH).3,4,7,26,27 For this reason we reported the 
individual trajectories of the infants with these sonographic brain abnormalities. Seven 
infants in our study had PVL grade I. At the age of three months, one of them had 
abnormal GMs and one mildly abnormal GMs (29%). This is lower than the 52% 
abnormal GMs in infants with PVL grade I as observed by Bos et al.6 The individual 
trajectories between term age and one year appeared to vary substantial, not only in 
infants with the same cerebral ultrasound diagnosis but in all infants with respect to 
outcome on the different neurodevelopmental tests we performed during the first 
year post term.
The prevalence of abnormal GMs is also dependent on the severity of fetal growth 
restriction. In two studies, including 31 and 19 small for gestational age infants the 
prevalence varied from 41% to 78%.5,8 Our results are closer to those of Zuk et al.8 
Like in their study, we also included growth restriction below the 10th percentile, and 
not only below the 5th percentile, like Bos et al.5 
Moreover, there is an ongoing discussion on the influence of prematurity itself on the 
quality of GMs. Preterm infants, even in good condition, more often have  affected 
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quality of GMs than term infants,28 which also can explain the high prevalence of 
especially mildly abnormal GMs in our study. This was not confirmed by Zuk et al.8 
however, who reported that low risk preterm infants have identical quality of GMs as 
term infants, indicating that GM quality is not affected by prematurity itself, but by the 
neurological status of the infant.
Abnormal GMs at three months were not related with neurological examination at 
one year. Moreover GMs at term age and three months were also not related to 
each other, while GMs at term but not at three months were related to neurological 
examination at the same time point. GMs at three months were, however, related to 
one year psychomotor development.
GMs measure the quality of spontaneous motor activity, whereas neurological 
examination especially focus on elicited motor output. Our observation that abnormal 
GMs can normalize and vice versa has been shown by others.7 However, especially 
GMs at three months, the fidgety age, have been found to be most predictive, not 
only for cerebral palsy at age two21 but for infants with mildly abnormal GMs for all 
sorts of minor neurological dysfunctions even up to puberty.7,28,29 Deviations found at 
early ages are often transient to reappear later when a new function is established. A 
reduced primary repertoire of the neural network early in life may lead to inappropriate 
processing of afferent information which at a later age may be recognizable as 
restrictions of variability of the nervous system.30,31 Not only sonographically visible 
brain abnormalities are important attributing factors in neurological outcome, but 
prematurity also induces more subtle anomalies like reduced cerebellar growth with 
consequences for neurological outcome.32

In follow-up studies, the mildly abnormal GMs group often shows variable outcomes.7 
One year of age is probably a too young age to differentiate between more subtle neu-
rodevelopmental abnormalities and is also too young to diagnose cerebral palsy.
As mentioned above GMs at three months were related to psychomotor development. 
The PDI measures the achievement of a broader set of motor milestones, and in 
our cohort 65% of the infants had a mildly or significantly delayed psychomotor 
development. We are currently performing follow-up in our cohort at the age 4.5 
years. It will be interesting to know whether the infants with both a subnormal GM 
registration at three months and a subnormal PDI at one year are those of risk at 
(minor) neurological dysfunction at early school age. GMs at three months then might 
discriminate between infants that improve spontaneously and those in which delay is 
one of the markers of neurological damage.
In conclusion, this prospective study indicates a high prevalence of mildly and definitely 
abnormal GMs at three months in small for gestational age, preterm infants. Abnormal 
GMs at three months had no association with neurological examination at one year, 
but were related to PDI at one year. The GM assessment in this perinatal high risk 
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population should be seen as an additional tool in the evaluation of the dynamic 
process of neurological development. Further follow-up of this cohort is necessary 
to assess a possible association of GMs with more subtle neurological abnormalities 
which become only detectable at a later age.
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