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Summary
OBJECTIVES: To evaluate the role of plasma volume expansion on one year infant 
outcome after severe hypertensive disorders of pregnancy; to determine prognostic 
factors for adverse neurodevelopmental infant outcome. 
DESIGN: Randomized controlled trial; observational prognostic study.
Setting: Two university hospitals in Amsterdam, The Netherlands.
POPULATION: One-hundred-seventy-two infants alive of 216 mothers with severe 
hypertensive disorders of pregnancy who were randomized for a temporizing 
management strategy with or without plasma volume expansion. 
METHODS: At one year corrected age a neurological examination according to Bayley 
(MDI and PDI) and Touwen was performed. 
MAIN OUTCOME MEASURES: Adverse neurodevelopmental infant outcome was 
defined as a MDI / PDI score below 70 and / or an abnormal Touwen. Risk factors for 
adverse neurodevelopmental outcome were explored by univariate and multivariate 
analysis.
RESULTS: Adverse neurodevelopmental infant outcome was observed in 31 infants 
(18%). There were no differences between the randomization groups. In multivariate 
analysis an association with abnormal umbilical artery / middle cerebral artery Doppler 
ratio higher than the median, major neonatal morbidity, higher education of the 
parents, multiparity and Caucasian ethnicity was observed. 
CONCLUSION: Nearly 70% of the infants was alive at one year without adverse neu-
rodevelopmental outcome. Maternal plasma volume expansion during pregnancy has 
no effect on one year infant outcome. The prediction of adverse outcome at one year 
by perinatal parameters is limited.



Introduction
Early-onset hypertensive disorders of pregnancy are associated with fetal growth 
restriction and iatrogenic preterm delivery. Adverse neurodevelopmental outcome 
poses a serious threat to the newborn and is both related to gestational age at 
birth and small for gestational age (SGA) status.1,2 With temporizing management 
pregnancy prolongation can be for 7-14 days with reduction of neonatal morbidity.3,4 
These studies, however, show short-term outcome parameters only. 
A recent randomized trial comparing two temporizing management strategies (with 
or without plasma volume expansion) in severe hypertensive disorders of pregnancy 
observed no important short-term differences in maternal and neonatal outcome 
and no difference in infant neurological outcome at term age.5 Since neurological 
development is a dynamic process, depending on obstetrical, neonatal and diverse 
environmental factors, assessment at term age might not adequately predict long-
term neurodevelopmental outcome of the offspring.6 Therefore, this study assessed 
neurodevelopmental outcome at one year corrected age. We firstly describe whether 
outcome at this time point is not different between the two management strategies 
and secondly which of prospectively collected maternal, fetal, and neonatal risk 
factors influence one year neurodevelopmental outcome. We hypothesized that both 
gestational age and the rate of growth restriction are separate risk factors for adverse 
neurodevelopmental outcome. 

Methods

Study design
The trial was performed at the Departments of Obstetrics and Gynecology of the 
VU University Medical Center and the Academic Medical Center, Amsterdam, 
the Netherlands, between April 1 2000 and May 31 2003. Women with a severe 
hypertensive disorder of pregnancy (severe preeclampsia, HELLP [hemolysis elevated 
liver enzymes and low platelets] syndrome and concomitant fetal growth restriction),7-

9 who presented with a viable singleton pregnancy, at a gestational age between 24 
and 34 completed weeks, were asked to participate if they were deemed eligible for a 
temporizing management strategy (Table I). After informed consent, participants were 
randomly allocated either to a strategy without plasma volume expansion (control 
group) or a strategy with plasma volume expansion (treatment group). Primary 
endpoint of the study was neonatal neurological development at term age. The power 
of the randomized controlled trial was calculated on this primary outcome. Therefore 
the required sample size was calculated to be 216 patients (power 90%, significance 
level .05). Neurological examination was expressed by a numerical score and classified 
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as normal, suspect abnormal and abnormal according to Prechtl.10 The medical ethics 
committees of both hospitals approved the study. Comprehensive methods and primary 
and secondary outcomes (neonatal morbidity and mortality and maternal morbidity) 
until term age have been described previously.11 

At one year corrected for term age infant mental and psychomotor development were 
assessed using the Bayley Scales of Infant Development II.12 The two standardized 
development indices measured with these scales have a mean of 100 and a standard 
deviation of 15. The Mental Development Index (MDI) and Psychomotor Development 
Index (PDI) range between 50 and 145. A MDI or PDI score equal or above 85 is classified 
as normal development, a score of 70 to 84 is classified as moderately delayed and a 
score below 70 is classified as severely delayed or abnormal development. At the same 
visit a neurological examination according to Touwen et al. was performed.13 This was 
classified as normal when there were no abnormalities of tone and posture, as suspect 
when there were mild abnormalities of tone and posture leading to no or mild delay 
in motor development, and as abnormal when there were definite abnormalities in 
tone and posture leading to delay in motor development. Adverse neurodevelopmen-
tal infant outcome was defined as a MDI score below 70 and / or a PDI score below 
70 and / or an abnormal neurological examination. Infants alive at one year corrected 
age and a MDI and PDI score equal or above 70 and a normal or suspect neurological 
examination were summarized as ‘alive without adverse neurodevelopmental infant 
outcome’.

Socio-economic status was determined by the level of education; high (high level 
professional education or university), average (medium level secondary school or 
professional education) or low (elementary school, lower level secondary school or 
professional education). Ethnicity was defined as Caucasian (mostly Dutch) or non-
Caucasian (mostly Surinamese, Netherlands Antilles, Turkish or Moroccan).

Table I. Definitions of hypertensive disorders of pregnancy 

Inclusion diagnosis Definition

Severe preeclampsia41 diastolic blood pressure ≥ 110 mm Hg and proteinuria (≥ 0.3 
grams/24 hours)

HELLP syndrome42 platelet count  <100 *109/L and aspartate aminotransferase 
≥ 70 U/L and lactate dehydrogenase ≥ 600 U/L

Fetal growth restriction and preg-
nancy induced hypertension43,44

estimated fetal weight <p10 and diastolic blood pressure ≥ 90 mm Hg
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Statistical analysis
The analysis was aimed at those infants with complete follow-up. Firstly it was analyzed 
how trial allocation influenced one year outcome. Comparison between treatment and 
control group was done using Χ2 tests (2-sided) and non-parametric Mann-Whitney U 
tests, when appropriate. It was intended that if MDI and PDI were comparable between 
randomization groups (similar to neurological examination at term age), further analysis 
would refer to the complete study group. Secondly, we explored the prognostic 
relationship between maternal, fetal and neonatal factors and the performance on the 
Bayley neurodevelopmental test. The following factors were selected for exploration of 
their association with Bayley test outcome: A first set of maternal parameters comprised 
maternal age, ethnic descent (Caucasian versus remaining participants), parity, body 
mass index, smoking during pregnancy, education (both parents higher education 
versus remaining participants), HELLP syndrome at inclusion or newly acquired after 
inclusion, and major maternal morbidity (eclampsia, encephalopathy, pulmonary 
edema, liver hematoma, abruptio placentae, severe infectious morbidity, and severe 
thrombotic morbidity). A second set of fetal parameters comprised administration of 
corticosteroids for fetal lung maturation, the most abnormal result of the umbilical 
artery pulsatility index (PI), the highest ratio of the umbilical artery PI divided by the 
median cerebral artery PI (U/C-ratio); gestational age at delivery; birth weight; and birth 
weight ratio (birth weight divided by the expected weight for gestational age, using 
the Gardosi customized growth chart p50-value, adjusted for maternal weight, length, 
ethnic descent and parity).9 A third set of neonatal parameters contained gender, 
Apgar score at 5 minutes below 7, major neonatal morbidity (chronic lung disease, 
or major sonographic cerebral abnormalities) and neurological outcome at term age 
(normal versus suspect/abnormal). The association of the classification parameters 
with Bayley outcome was analyzed by comparison of mean MDI and PDI with or 
without these parameters and above or below the median as appropriate, using T-
test. For each parameter the difference between the means with 95% confidence limit 
was plotted. Parameters with a non-normal distribution (gestational age, birth weight, 
birth weight ratio and umbilical pulsatility index), were plotted against MDI and PDI 
and explored by linear and polynomial regression. 
Thirdly, multivariate, logistic regression analysis (forward stepwise) was performed 
with adverse neurodevelopmental infant outcome as dependent. The analysis was first 
performed in the maternal parameter set, then in the fetal set keeping the parameters 
of the maternal set that reached statistical significance and finally in the neonatal 
set with inclusion of the parameters that had a statistically significant effect in the 
second model. The probability to enter the model was set at 0.1, for removal at 0.15. 
Statistical calculations were performed with SPSS 12.0.2 (SPSS Inc. Chicago Illinois, 
USA). Differences were considered statistically significant at P < .05.
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  Control group
       (n=105)

 Treatment group
        (n=111)

          Total
        (n=216)

Maternal age (yr) 30.8 (20-41) 29.0 (18-41) 30.0 (18-41)

Non-Caucasian 28 (27) 31 (28) 59 (27)

Nulliparity 70 (67) 81 (73) 151 (70)

BMI 24 (18-40) 24 (18-41) 24 (18-41)

Non-smoking 80 (76) 84 (76) 164 (76)

Education level high 37 (35) 23 (21) 60 (28)

average 35 (33) 45 (41) 80 (37)

low 33 (32) 43 (38) 76 (35)

Gestational age at inclusion (wk) 30.0 (24.1-33.9) 30.0 (24.3-33.7) 30.0 (24.1-33.9)

Values expressed as median (range) or absolute numbers (%) as appropriate.
† Some patients matched more than one diagnosis at discharge, #Some infants had more than one neonatal 
morbidity, CLD= Chronic Lung Disease, IVH=intraventricular hemorrhage, PVL= periventricular leucomalacia.

Table IIa. Baseline characteristics of patients

  Control group
        (n=90)

 Treatment group
          (n=82)

          Total
           (n=172)

HELLP syndrome† 37 (41) 31 (38) 68 (40)

Severe preeclampsia† 64 (71) 65 (79) 129 (75)

Fetal growth restriction† 82 (91) 73 (89) 155 (90)

Major maternal morbidity 13 (14) 8 (11) 22 (13)

Corticosteroids for fetal lung maturation 62 (70) 66 (81) 128 (75)

Umbilical artery maximal PI 1.54 (0.74-4.77) 1.62 (0.87-4.25) 1.56 (0.74-4.77)

absent / reversed EDF 11 (12) 18 (22) 29 (17)

Highest U/C-ratio 1.18 (0.30-4.17) 1.27 (0.48-3.40) 1.24 (0.30-4.17)

Prolongation of pregnancy (days) 8.7 (0-44) 8.3 (0-35) 8.5 (0-44)

Gestational age at delivery (wk) 31.9 (27.3-37.4) 31.7 (26.3-37.0) 31.9 (26.3-37.4)

Birth weight (g) 1335 (640-2960) 1260 (600-2495) 1280 (600-2960)

Birth weight ratio 0.69 (0.44-0.99) 0.67 (0.33-1.16) 0.68 (0.33-1.16)

pH umbilical artery 7.22 (6.64-7.38) 7.24 (6.85-7.35) 7.22 (6.64-7.38)

Apgar score 5’ <7 9 (10) 6 (7) 15 (9)

Infant gender female 50 (56) 39 (48) 89 (52)

Major neonatal morbidity total 7 (8) 10 (12) 17 (10)

CLD# 6 (7) 8 (10) 14 (8)

IVH grades 3 and 4# 1 (1) 1 (1) 2 (1)

PVL grades 2, 3 and 4# 0 (0) 2 (2) 2 (1)

Prechtl normal 67 (74) 60 (74) 127 (74)

suspect / abnormal 23 (26) 21 (26) 44 (26)

Table IIb. Baseline maternal and fetal characteristics for infants tested at one year post term

Values expressed as median (range) or absolute numbers (%) as appropriate.
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Results
During the initial study period, 340 women were eligible and all 
women were approached (Figure 1). In total, 216 women were 
randomized; 105 women to the control group and 111 women 
to the treatment group. Baseline characteristics at inclusion were 
comparable between groups (Table II). Women who were excluded 
had the same baseline characteristics as included patients (data 
available from the authors). The results until term age have been 
published earlier.5 A short summary of this previous published work 
is given below. 

  Control group
       (n=105)

 Treatment group
        (n=111)

          Total
        (n=216)

Maternal age (yr) 30.8 (20-41) 29.0 (18-41) 30.0 (18-41)

Non-Caucasian 28 (27) 31 (28) 59 (27)

Nulliparity 70 (67) 81 (73) 151 (70)

BMI 24 (18-40) 24 (18-41) 24 (18-41)

Non-smoking 80 (76) 84 (76) 164 (76)

Education level high 37 (35) 23 (21) 60 (28)

average 35 (33) 45 (41) 80 (37)

low 33 (32) 43 (38) 76 (35)

Gestational age at inclusion (wk) 30.0 (24.1-33.9) 30.0 (24.3-33.7) 30.0 (24.1-33.9)

  Control group
        (n=90)

 Treatment group
          (n=82)

          Total
           (n=172)

HELLP syndrome† 37 (41) 31 (38) 68 (40)

Severe preeclampsia† 64 (71) 65 (79) 129 (75)

Fetal growth restriction† 82 (91) 73 (89) 155 (90)

Major maternal morbidity 13 (14) 8 (11) 22 (13)

Corticosteroids for fetal lung maturation 62 (70) 66 (81) 128 (75)

Umbilical artery maximal PI 1.54 (0.74-4.77) 1.62 (0.87-4.25) 1.56 (0.74-4.77)

absent / reversed EDF 11 (12) 18 (22) 29 (17)

Highest U/C-ratio 1.18 (0.30-4.17) 1.27 (0.48-3.40) 1.24 (0.30-4.17)

Prolongation of pregnancy (days) 8.7 (0-44) 8.3 (0-35) 8.5 (0-44)

Gestational age at delivery (wk) 31.9 (27.3-37.4) 31.7 (26.3-37.0) 31.9 (26.3-37.4)

Birth weight (g) 1335 (640-2960) 1260 (600-2495) 1280 (600-2960)

Birth weight ratio 0.69 (0.44-0.99) 0.67 (0.33-1.16) 0.68 (0.33-1.16)

pH umbilical artery 7.22 (6.64-7.38) 7.24 (6.85-7.35) 7.22 (6.64-7.38)

Apgar score 5’ <7 9 (10) 6 (7) 15 (9)

Infant gender female 50 (56) 39 (48) 89 (52)

Major neonatal morbidity total 7 (8) 10 (12) 17 (10)

CLD# 6 (7) 8 (10) 14 (8)

IVH grades 3 and 4# 1 (1) 1 (1) 2 (1)

PVL grades 2, 3 and 4# 0 (0) 2 (2) 2 (1)

Prechtl normal 67 (74) 60 (74) 127 (74)

suspect / abnormal 23 (26) 21 (26) 44 (26)

At discharge, 93 women (43%) had been diagnosed with HELLP 
syndrome, 158 women (73%) fulfilled the criteria for severe 
preeclampsia, and 198 pregnancies (92%) were complicated with 
fetal growth restriction. 
Median gestational age at delivery was 31.6 weeks for the total 
study population. The median birth weight ratio was 0.7 (the 10th 
percentile for a normal population is 0.86). Total fetal and postnatal 
loss was 36 (17%). In 17 infants (9%) major morbidity was found. 
Of 180 infants alive at term age, neurological examination was 
performed in 177 infants: 127 infants (72%) had a normal score, 
39 infants (22%) had a suspect score and 11 infants (6%) had an 
abnormal score. No statistically significant differences in maternal or 

Figure 1. Trial profile
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neonatal outcome were observed between the control and treatment group. After term 
age two children died (one in the control and one in the treatment group) both due to 
chronic lung disease. 
At the corrected age of one year 178 infants were alive. The Bayley test was performed 
on 172 infants (97%); three mothers refused further participation and three mothers 
could not be traced. Median gestational age at delivery and median birth weight of 
the six missing infants were comparable to participating infants, while in none of the 
six infants severe neonatal morbidity was diagnosed. All missing infants belonged to the 
treatment group. Additionally, one infant did not cooperate with the Bayley test which was 
offered after a successfully performed neurological examination and in one infant PDI was 
unavailable due to a spica cast for congenital hip dysplasia.

Values expressed as median (range) or absolute numbers (%) as appropriate.
No significant differences were observed.
# two infants no MDI, one infant no PDI.
$ adverse neurodevelopmental outcome is defined as MDI<70 and/or PDI<70 and/or abnormal Touwen score. 
* six infants were missing for follow-up at one year.†
 alive without adverse neurodevelopmental outcome is defined as alive at 1 year post term and 

MDI≥70 and PDI≥70 and Touwen score normal or suspect.
& only one child (belonging to the treatment group) required hearing aids, while there were no cases of 

severe visual impairment.

Table III. Neonatal neurological outcome parameters at 1 year post term

Control group
(n=90)

Treatment group
(n=82)

Total
(n=172)

Bayley# MDI 88 (66-124) 86 (59-109) 88 (59-124)

normal 56 (63) 49 (60) 105 (61)

moderately delayed 31 (35) 32 (39) 63 (37)

severely delayed 2 (2) 1 (1) 3 (2)

PDI 77 (50-118) 77 (50-113) 77 (50-118)

normal 23 (26) 32 (39) 55 (32)

moderately delayed 48 (54) 39 (48) 87 (51)

severely delayed 18 (20) 10 (12) 28 (16)

Touwen normal 78 (87) 71 (87) 149 (87)

suspect 11 (12) 8 (10) 19 (11)

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

Adverse neurodevelopmental 
infant outcome$

20 (23) 11 (14) 31 (18)

Original study population* n=105 n=105 (+6) n=210 (+6)

Alive without adverse neurode-
velopmental infant outcome†&

68 (65) 70 (63) 138 (64)
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As in the original cohort, the baseline characteristics were comparable between the 
treatment and control group (Table II). The median MDI and PDI scores were 88 
(59-124) and 77 (50-118) respectively in the total study group, while there was no 
difference in MDI or in PDI between the randomization groups (Table III). Of 105 
infants with a normal MDI, 65 infants (62%) had a moderately delayed or abnormal 
development on the PDI scale. Forty infants (23%) had a normal MDI and PDI score (17 
infants in the control group and 23 infants in the treatment group). The distribution of 
the Bayley scores is depicted in Figure 2. 
Univariate exploratory analysis of the total study population showed no effect of a higher 
parental education level on mental (MDI) or psychomotor (PDI) infant development at 
one year post term (Figure 3). Infants of Caucasian origin had MDI scores comparable 

Figure 2. Histogram of Bayley MDI and Bayley PDI scores in the control and treatment group.
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Figure 3. Point estimate of the mean difference with 95% confidence interval of Bayley MDI (panel A) and 
PDI (panel B) between infants with and infants without the indicated parameters. A minus score means 
that children with the indicated parameters perform worse; a plus score the opposite. The difference is 
significant if 0 is no part of the 95% confidence interval.
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to those of non-Caucasian origin, but the PDI scores were significantly higher in the 
non-Caucasian infants (78 versus 86; P < .001).
MDI and PDI scores were not influenced by HELLP syndrome or major maternal 
morbidity. Development scores were comparable between infants of the six women 
with eclampsia and the remaining infants in the major maternal morbidity group. The 
most abnormal measured umbilical artery PI above the median (PI umb max >1.66) 
was significantly associated with a lower PDI (77 versus 83; P = .004) as was a highest 
U/C ratio above the median (77 versus 83; P = .001). Absent or reversed end-diastolic 
flow in the umbilical artery was associated with a lower MDI (85 versus 89; P = .01), 
but not with a lower PDI. One course of corticosteroids for fetal lung maturation 
(two doses betamethasone with a 24-hour interval) was given to 128 women (75%). 
Administration of corticosteroids did not influence test results. Infants with a birth 
weight below the median (1300 grams) had a significantly lower MDI compared 
to infants with a higher birth weight (86 versus 90; P = .01). PDI was not different 
between these groups. A non-significant difference in MDI was found for infants with 
a birth weight ratio below or above 0.7 (87 versus 90 respectively; P = .054), while PDI 
did not differ.  
A significant lower PDI was found for infants with severe neonatal morbidity compared 
to infants without severe morbidity (74 versus 81; P = .03), the difference in MDI 
however did not reach statistical significance (84 versus 88; P = .11). A suspect or 
abnormal neurological test score at term age was not associated with a moderately 
delayed or abnormal development according to Bayley in comparison to a normal test 
score (MDI 89 versus 87; PDI 80 versus 80). 

Umbilical artery pulsatility index, gestational age, birth weight and birth weight ratio 
had a significant correlation with Bayley MDI in linear regression analysis, while only 
umbilical artery pulsatility index and birth weight ratio had a significant correlation 
with Bayley PDI. Although significant, the linear fit was poor (square r < 0.05) and non-
linear modeling did not improve the performance of the model. 

Multivariate logistic regression analysis with adverse neurodevelopmental infant 
outcome as endpoint determined an association with multiparity (OR 4.34; 95% CI 
1.61-11.73), U/C ratio higher than the median (OR 3.86; 95% CI 1.51-9.86), major 
neonatal morbidity (OR 3.51; 95% CI 1.09-11.27), higher education of the parents 
(OR 0.39; 95% CI 0.15-1.01) and Caucasian ethnicity (OR 2.95; 95% CI 0.95-9.14). 
Gestational age, birth weight, and birth weight ratio were not significantly associated 
with adverse neurodevelopmental infant outcome. 
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Discussion
This study reports the neurodevelopmental outcome of a cohort of 172 children alive 
born to 216 mothers in a randomized controlled trial with severe and early-onset 
hypertensive disorders of pregnancy at one year corrected age. Neurodevelopmental 
outcome was below average and did not differ between the two randomization groups. 
Both normal mental and psychomotor development was observed in 40 infants (23%), 
whereas 130 infants (76%) had moderately to severely delayed MDI or PDI and only 
one infant had both severe mental and psychomotor delay. Nearly 70% of the 216 
infants included in the study were alive at one year and without adverse neurodevelop-
mental outcome. This outcome was slightly worse compared to the GRIT study, which 
randomized preterm growth restricted infants between early and delayed delivery. At 
the age of two years 80% survival without disabilities (Griffith’s score > 70, and absence 
of cerebral palsy, or hearing or vision deficit) was observed.14 The small difference with 
our study may be explained by a higher sensitivity for abnormal development of the 
Bayley test and the relative young age of infant assessment in our study.

Some specific characteristics of the study population should be mentioned. All mothers 
had severe early-onset hypertensive disorders of pregnancy and nearly all pregnancies 
were complicated by fetal growth restriction (92%). Moreover, all but two infants 
were born preterm, mostly by cesarean section for reason of fetal distress (83% of 
all live births). In this highly selective population, neurodevelopmental outcome was 
hardly associated with gestational age. This was comparable to a follow-up study in 
early preterm infants with fetal growth restriction, where disabilities or handicaps were 
related to major neonatal morbidity and not to obstetric factors such as gestational 
age.15 In contrast, in the GRIT study, outcome was associated with gestational age, 
probably due to the larger range of gestational age.14 In a follow-up study of very 
preterm infants, 40% of infants had moderately to severely delayed MDI or PDI. 
Predictive factors for adverse outcome were gestational age, major neonatal morbidity 
and male gender, but not fetal growth restriction (below 10th percentile).16 However, only 
13% of this cohort were diagnosed with fetal growth restriction. In general, in cohorts 
of unselected preterm infants, gestational age and birth weight are strong predictors 
of infant outcome.1,16,17 A study comparing early preterm infants of mothers with and 
without preeclampsia demonstrated that preeclampsia was associated with fetal growth 
restriction and abnormal neurodevelopmental outcome at the age of two years.18 
In our highly selected group of preterm infants fetal Doppler abnormalities had a higher 
correlation with outcome than gestational age or birth weight, probably because the 
timing of delivery was mostly determined by the development of signs of fetal distress 
on fetal heart rate tracings, which in turn is highly associated with abnormal fetal 
Doppler. Furthermore, the inclusion of neonatal morbidity in multivariate analysis 
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absorbed the effect of gestational age and birth weight, comparable to results of 
other long term follow-up studies in early preterm infants.17 

We observed that an elevated umbilical Doppler pulsatility index, absent or reversed 
end-diastolic flow and elevated U/C ratio all were associated with worse neurodevelop-
mental infant outcome. Several studies share this conclusion. In the GRIT study, absent 
or reversed end-diastolic flow was associated with abnormal neurological outcome 
(disability).14 A cohort study of early preterm infants indicated an association between 
an elevated umbilical pulsatility index and suboptimal neurological outcome at one year 
(Griffith’s test).19 A more variable association over time was described in other studies, 
where a better neurological outcome at one year (Touwen test) was reported, equal 
neurological outcome at three years (Hempel test), but poorer cognitive development 
at five years in infants with an U/C ratio higher than 0.7 compared to infants with a 
lower U/C ratio.20-22 

Although short term parameters, such as umbilical artery Doppler velocity pattern and 
major infant morbidity, are associated with later development, the accuracy for the 
prediction of long term adverse developmental outcome is insufficient to be useful as 
a relevant study outcome. Similarly, although neurological examination (Prechtl) has 
been considered by some as most adequate at term age,23 this was a poor predictor 
of neurological developmental assessment at one year. Moreover, the increased risk of 
cognitive disorders in small for gestational age infants at follow-up later in childhood 
after initial good test scores at earlier ages was observed in several studies.2,22.

In an earlier evaluation of the study, we demonstrated that multiparity was associated 
with reduced severity of preeclampsia.24 Unexpectedly, in multivariate analysis 
multiparity contributes to abnormal neurodevelopment, independent from other 
parameters. Literature does not offer a ready explanation for this observation.  An 
environmental effect could be postulated, or an unknown association with a parameter 
unadjusted for in the model. 

The weak association between Caucasian ethnicity and lower PDI scores has been 
described in other studies.25 On the other hand in many studies a Caucasian ethnicity 
is associated with better MDI scores in preterm infants,1,17 while in our study MDI was 
comparable in Caucasian and non-Caucasian infants. This might be explained by the 
earlier age at assessment in our study (one year compared to two years). 

A higher parental education level was associated with a decreased rate of adverse 
developmental infant outcome. This is in agreement with other studies on very preterm 
children, where a higher maternal education level was associated with improvement 
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in mental development at 18 and 24 months.16,17 This sustains the claimed role of 
environmental factors in early development in general.

At one year, motor function and cognitive abilities are still intertwined and especially 
motor development greatly influences mental development. Therefore, our endpoint 
was a composite measure, adverse neurodevelopmental infant outcome. Risk factors 
associated with MDI or PDI should be considered as risk factors for developmental 
outcome in general. 

Our one-year follow-up results are an intermediate finding. Due to the complexity of 
brain development and its dynamic aspects the relative effect of the observed risk 
factors may change over time.16,26 The children of this study group will therefore be 
reassessed at early school age to determine if the outcome between the randomization 
groups will remain in balance and the strength of predictive factors changes.

Conclusion
Assessment of neurodevelopment in preterm infants is important for the evaluation 
of the quality of perinatal care and should be the major endpoint of all perinatal 
intervention studies. In this study, neurodevelopmental outcome was below average 
and did not differ between the two groups randomized for different temporizing 
management strategies. The association of abnormal outcome with fetal Doppler 
abnormalities and the relatively low incidence of major neonatal morbidity supports 
the idea that part of the poor development origins from antenatal deprivation. 
Determination of the hypothetical optimal moment for delivery remains difficult and 
available diagnostic tests have been investigated insufficiently with respect to optimal 
timing. The secondary exploration for risk factors of adverse outcome was intended to 
identify risk factors that may be used in future intervention studies.
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