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ABSTRACT T 

Objective: : 

Methods: : 

Results: : 

Conclusion: : 

Followw up studies in very preterm born children usually present outcome 

inn separate developmental domains. Disabilities are found in 10% to 

20%% of the children, suggesting that most of them develop without 

seriouss difficulties. However, a greater percentage experiences school 

problems.. Presence of disabilities in more than one developmental 

domainn may explain these problems. For this reason, we studied overall 

outcomee in a group of very preterm born children. 

Att 5'/2 years corrected age, outcome on the neurologic, motor, cognitive 

andd behavior domain was studied in 157 children born <30 weeks' 

gestation.. Based on their performance in these domains, children were 

dividedd into a normal group, a single disability group or a multiple 

disabilityy group. Differences in background, clinical characteristics and 

neurodevelopmentall  outcome at two years between the three groups 

weree evaluated and school outcome was studied. 

Thirty-ninee percent of the children had a normal developmental 

outcome,, 17% had a single disability and 44% had multiple disabilities. 

Multiplee disabilities were associated with lower birth weight, BPD, and 

worsee outcome at two years. Only 22% of the children in the multiple 

disabilityy group were in a grade appropriate for their age, versus 56% 

inn the single disability group and 64% in the normal group. In the 

multiplee disability group, 28% were in special education versus 11% in 

thee single disability group and 2% in the normal group. 

Combinedd assessments show a less favorable outcome of very preterm 

bornn children and might explain why many of them experience school 

problems. . 
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VeryVery preterm born children show multiple disabilities 

INTRODUCTION N 

Researchh studies on developmental outcome of preterm born infants can roughly be divided 

intoo cohort studies and follow-up studies on specific perinatal interventions. Different outcome 

measuress are used in these studies. Outcome can be classified according to WHO criteria in 

impairments,, disabilities, or handicaps.1 Many studies have focussed on the occurrence 

off  severe handicaps defined as cerebral palsy (CP), mental retardation, blindness or 

deafnesss or a combination.2"5 6 Most follow-up studies report on separate outcomes in 

onee or more neurodevelopmental domains: neurologic, motor, cognitive or behavior 

domain. . 

AA more general as well as socially important long-term outcome measure concerns school 

functioning.. School problems frequently occur in very preterm born children and are associated 

withh neuromotor problems, developmental delay, speech/language delay or with behavioral 

problemss at early school age.78 9 School problems often occur in children without severe 

handicapss as well, and occur in a higher rate than in full term born peers. The reason for this 

hass not been clarified. It might be due to the fact that information on combined outcome on 

differentt domains is scarce. Establishing developmental profiles is common practice in 

rehabilitationn and health care institutions, but rare in follow up studies on preterm born 

children.. Such profiles would provide a more complete picture regarding the outcome of 

thesee children than only one outcome measurement and may predict school functioning 

better.. Therefore, we investigated the proportion of children with no, a single, or multiple 

disabilitiess in a cohort of very preterm born children at 5!/2 years of age in relation to their 

backgroundd and perinatal characteristics as well as their early school performance. 

PATIENTSS AND METHODS 
Patients Patients 

Thee original study cohort consisted of 200 very preterm born children (35 children died in 

thee neonatal period, 7 children were withdrawn, the parents of one child moved abroad). I0 

Att the corrected age of 5Vi years, developmental outcome was studied in 157 children. All 

childrenn were born between 25 and 30 weeks gestational age between January 1991 and July 

1993.. They were enrolled in a randomized, double-blind, placebo-controlled trial of thyroxine 

supplementationn in the neonatal period.10 Developmental assessments were also done at 

thee corrected age of 6, 12, and 24 months. No effects of thyroxine supplementation were 

foundd at 2 and 5 years of age in the total study groups.i0 " ,2 

Thiss follow-up study was approved by the Committee of Medical Ethics of the Academic 

Medicall  Centre of Amsterdam. 
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NeurodevelopmentalNeurodevelopmental outcome at the corrected age of '$lh years 
Neurologicc development was assessed according to the method of Touwen. " Children 

weree classified as: normal, minor neurological dysfunction (MND) or cerebral palsy (CP). 

MNDD was diagnosed when one or more abnormalities occurred in posture, muscle tone, 

musclee power, reflexes, coordination and balance, or in the occurrence of involuntary 

movements.. CP was diagnosed if the complete neurologic syndrome with abnormalities in 

posture,, tone and reflexes was present. CP was classified according to Hagberg.14 

Motorr function was assessed using the Movement Assessment Battery for Children. 

(Movementt ABC)1S Scores range from 0 to 5: a score of 0 is given when the child passes 

thee task and a score of 5 when it fails the task. A total motor impairment score (ranging 

fromm 0 to 40) is computed by summing the scores on all motor tasks, with higher scores 

indicatingg more motor problems. Severity of motor problems can be distinguished by 

cut-offf  scores for mild and severe motor problems which are represented by the 15th 

(>10.5)) and 5th (>17) percentile, respectively, of the reference population. 

Too assess cognitive function the Revised Amsterdam Children's Intelligence Test (RAKIT, 

shortt version) for 4 to 11 years was used.16 The norm score (IQ score) of the test is 100 with 

aa standard deviation (SD) of 15. Severity of cognitive problems can be distinguished by 

cut-offf  scores representing a mild delay (IQ score >70 and <85) and a severe delay (IQ 

scoree <70). 

Too assess behavioral outcome, the Child Behavior Checklist for ages 4 to 18 (CBCL 

4-18)177 n and the Teacher Report Form (TRF)19 :o were used. Both behavior questionnaires 

comprisee 113 descriptions of behavioral problems. Each behavior description receives score 

00 when it does not fit the child's behavior, score 1 when it is sometimes true, and a score 2 

whenn it is often true. By summing all the items a total problem score (TPS) can be obtained. 

Severityy of behavior problems can be distinguished by the borderline and clinical cut-off 

point,, corresponding with standardized norm scores of 60 and 63, respectively. 

Informationn on early school outcome, i.e. in a grade according to age level, moderate 

schooll  problems (grade retention and/or the need for special assistance), or in special 

education,, was obtained from the TRF questionnaire and by interviewing parents. 

ClassificationClassification of the three outcome groups 
Wee divided children into three groups based on their functioning in all four developmental 

domainss (cognitive, behavior, motor, neurological) at early school age. For assessment of a 

disabilityy in a developmental domain, cut-off scores referring to mild developmental delay 

weree used. Only available data were used to classify whether or not the child had a disability. 

Missingg data were treated as having no disability in that specific domain. Three groups 
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weree made. The normal group consisted of children with scores in the normal range on 

alll  four developmental domains. The single disability group consisted of children who 

showedd mild or severe delay in one developmental domain. Children diagnosed with 

MNDD but with normal scores on all other domains were classified as 'normal', since reduced 

neurologicall  quality does not necessarily interfere with a child's functioning. However, 

MNDD accompanied by a delay in another domain might add to further problems and was 

thenn considered a disability. Children with only high scores on the CBCL or the TRF or 

bothh were considered to have a disability in a single domain. The multiple disabilities 

groupp consisted of children who received a score reflecting a disability on at least two 

developmentall  domains. Perinatal characteristics, developmental outcome at two years 

andd early school outcome were compared between the three groups. 

NeurodevelopmentalNeurodevelopmental outcome measured at two years of age 
Neurodevelopmentall  outcome at the age of two years included a neurologic examination, 

mentall  and psychomotor development and behavior outcome. Neurologic examination was 

donee according to the method of Hempel21 and classified as normal, mildly abnormal or 

abnormal.100 Outcome on the mental and motor domain was represented by the Bayley 

Mentall  (MDI) and Psychomotor (PDI) Developmental Index scores.22 Behavior outcome 

wass assessed using the CBCL 2/3 questionnaires.23 24 Scoring procedure was similar to 

thee CBCL for 4 to 18 years. (For details see earlier reports.11) 

StatisticalStatistical Analysis 
Univariatee analyses were carried out to study differences in baseline characteristics, clinical 

dataa and two years' neurodevelopmental outcome between the three groups. Categorical 

dataa were analyzed with the chi-square test for 3x2 tables. Continuous data were analysed 

usingg one-way ANOVA. Only when the overall comparison of the three groups was significant, 

post-hocc analyses were carried out to study differences between the individual groups. 

RESULTS S 

Att the corrected age of 5Vi years, cognitive, motor and neurological outcome was assessed 

inn 156 children (99%). The parents of one child refused cooperation. Parent' and teacher' 

behaviorr questionnaires were completed for 144 (92%) and 147 (94%) children respectively. 

Comparedd to the respondent groups, non-respondents on CBCL and TRF consisted of more 

childrenn of non-Caucasian background and of more children who had suffered from chronic 

lungg disease or ischaemic brain lesions. 
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Tablee 1: Prevalence of disabilities at the age of 5Vi years 

IQ* * 
>85 5 
>700 and<85 
<70 0 

CBCLtt n=144 
<60 0 
>600 and <63 
>63 3 

TRFtt n=147 
<60 0 
>600 and <63 
>63 3 

Movementt ABC 
<10.5 5 
>10.55 and <17 
>I7 7 

Neurologicc examination 
Normal l 
MND § § 
CPU U 

Presencee of disabilities 
Noo disabilities 
Inn a single domain 
Inn multiple domains 

Total l 

95 5 
HI I 
33 3 
12 2 
27 7 

111 1 
9 9 

24 4 
29 9 

109 9 
11 1 
27 7 
8.5 5 
116 6 
16 6 
24 4 

86 6 
54 4 
16 6 

61 1 
27 7 
68 8 

studyy group 
n=156 6 

 18 
(71%) ) 
(21%) ) 
(8%) ) 

2 2 
(77%) ) 

(6%) ) 
(17%) ) 

5 5 
(74%) ) 

(8%) ) 
(18%) ) 

0 0 
(74%) ) 
(10%) ) 
(16%) ) 

(55%) ) 
(35%) ) 
(10%) ) 

(39%) ) 
(17%) ) 
(44%) ) 

Dataa are presented as mean  standard deviation or as 
nn (9c). 
**  IQ: Intelligence Quotient 
++ CBCL: Child Behavior Check List 
XX TRF: Teacher Report Form 
§§ MND: Minor Neurological Dysfunction 
III  CP: Cerebral Palsy 

Tablee 1 shows the proportion of children with disabilities in the different developmental 

domains,, and the proportion of children included in each of the three outcome groups. 

Iff  outcome was examined per domain separately, disabilities were found for 

approximatelyy 25% of the children on each domain, except for the neurologic domain. A 

relativelyy greater proportion of children (45%) were diagnosed with MND or cerebral 

palsy.. In our follow-up group, 6 children (4%) needed a wheelchair for continuous or 

intermittentt use and one child (1%) needed hearing aids. 

Iff  outcome on all four developmental domains were combined, less than half of the group 

off  children (61/156: 39%) obtained normal scores on all domains and were included in the 

normall  group. One child was included in this group of whom both parent' and teacher' behavior 

questionnairess were missing. Thirteen children in this group were diagnosed with only MND. 

Twenty-sevenn children were included in the single disability group (27/156: 17%). 

Informationn on behavioral outcome was missing for four children (CBCL+TRF n=2, CBCL 

n=l,, TRF n=l). This outcome group consisted of 2 children (2/27: 7%) with a disability 
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(CP)) in the neurologic domain; 12 children (12/27:44%) with a mild disability in the cognitive 

domainn (all IQ scores were >70 and <85); and 13 children (13/27: 48%) with a disability 

inn the behavior domain (CBCL (n=5), TRF (n=5), both (n=3)). None of the 156 children 

inn our follow-up group had a single disability in the motor domain. 

Sixty-eightt children were included in the multiple disability group (68/156: 44%). 

Informationn on behavioral outcome was missing in 10 children (CBCL+TRF n=3, CBCL 

n=5,, TRF n=2). Disabilities in two or three developmental domains were found in most 

children.. Only four children (4/68: 6%) showed disabilities in all four domains. Twenty-five 

childrenn (25/68: 37%) had a disability in one developmental domain accompanied by MND. 

Al ll  children with motor disabilities (40/68: 59%) also showed disabilities in at least one 

otherr domain. In 10 children it was accompanied by MND only. 

CharacteristicsCharacteristics of the three groups 
Univariatee analyses, using ANOVA or chi-square test with 3x2 tables, were carried out to 

studyy differences in baseline characteristics, neonatal complications, and two years' outcome 

betweenn the three groups (table 2). Differences were found in mean birth weight which was 

lowerr in children in the multiple disability group than in children in the normal group (p=.04). 

Inn addition, more cases of BPD were found in the multiple disability group than in the single 

disabilityy group (%2: 7.9, df:l , p=. 005) and to a lesser extent when compared to the 

normall  group (x2: 3.7, df: 1, p=.Q6). No other differences were found between the three 

groupss in background factors, birth characteristics or with respect to clinical outcome. 

Outcomee at the age of two years already differed between the multiple disability group 

andd the two other outcome groups, but not between the single disability group and normal 

group.. More children in the multiple disability group already had a disability in one of 

thee four developmental domains at the age of two years compared to the children in the 

normall  group and (except for the behavioral domain) in the single disability group. The 

occurrencee of problems in two or more developmental domains at the age of two years 

wass much higher in the multiple disability group than in the two other outcome groups 

(normall  group: 9/61,15%; one disability group: 4/27, 15%; multiple disability group: 

38/68,, 56%). In addition, none of the children in the normal group, and only one child in 

thee single disability group, was diagnosed as neurologically abnormal at the age of two 

years. . 

SchoolSchool outcome 
Tablee 3 presents the children's performance at school. Within the normal group, about 

onee third of the children had moderate school problems (repeated a grade and/or needed 
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speciall  assistance). One child was in a special education program for speech and language 

problems.. A comparable proportion of children in the single disability group had moderate 

schooll  problems, while the percentage of children in special education was somewhat 

Tablee 2: Characteristics of the Normal Group, the Single Disability Group, and the Multiple Disability Group * 

Normall  Group Single Disability Multiple Disability p-va!ue 
Groupp Group 

n=611 (39%) n=27 (17%) n=68 (44%) 

ATT BIRTH 
Sex:: male 
Ethnicc backgr.: non-caucasian 
Educationall  level of mother: 

Low w 
Middle e 
High h 
missing g 

Gestationall  age (weeks  days) 
Weekss of gestation: 

25/266 w. 
277 w. 
288 w. 
299 w. 

Birthh weight (grams) 
Antenatall  steroids 
Intra-uterienn infection 
Promm + 

Apgarr score 5 min. 

THEE NEONATAL PERIOD 
T44 supplementation 
Resp.. distr. syndr. grade 3+4 t 

Bronchopulmonaryy dysplasia 
O,, at 36 weeks pma s 

Ultrasoundd findings: " 
Normal l 

\\ Mildl y abnormal 
Abnormal l 

ATT TWO YEARS OF AGE 
MDII  i < 84 
P DPP < 84 

Neurologicall  outcome: 
Mildl yy abnormal 
Abnormal l 

Behaviorr problems above 
borderlinee range 

Developmentall  problems on >2 

domainss at 2 yearst + 

26 6 
7 7 

19 9 
30 0 
12 2 

43% % 
11% % 

31% % 
49% % 
20% % 

288 2/7  8 

12 2 
8 8 

21 1 
20 0 

1151 1 
33 3 
30 0 
20 0 
8.4 4 

29 9 
18 8 
24 4 
8 8 

32 2 
25 5 
4 4 

7 7 
15 5 

7 7 
0 0 

7 7 

9 9 

20% % 
13% % 
34% % 
33% % 

8 8 
54% % 
49% % 
33% % 

 1.6 

48% % 
30% % 
39% % 
13% % 

52% % 
41% % 

7% % 

11% % 
25% % 

11% % 
0% % 

11% % 

15% % 

14 4 
7 7 

10 0 
12 2 
2 2 
2 2 

52% % 
26% % 

37% % 
44% % 
11% % 
8% % 

288 4/7  7 

1 1 
8 8 
7 7 

11 1 
1081 1 

15 5 
9 9 

12 2 
8.7 7 

15 5 
5 5 
5 5 
3 3 

16 6 
10 0 
1 1 

5 5 
6 6 

0 0 
1 1 

6 6 

4 4 

4% % 
30% % 
26% % 
40% % 

1 1 
56% % 
33% % 
44% % 

 1.3 

56% % 
19% % 
19% % 
11% % 

59% % 
37% % 

4% % 

19% % 
22% % 

0% % 
4% % 

22% % 

15% % 

33 3 
10 0 

25 5 
31 1 
12 2 

49% % 
15% % 

37% % 
46% % 
17% % 

288 0/7  7 

18 8 
13 3 
16 6 
21 1 

1048 8 
37 7 
23 3 
24 4 
8.5 5 

37 7 
18 8 
34 4 
18 8 

31 1 
27 7 
10 0 

33 3 
39 9 

18 8 
13 3 

18 8 

38 8 

26% % 
19% % 
24% % 
31% % 

0 0 
54% % 
34% % 
35% % 

 1.6 

54% % 
26% % 
50% % 
26% % 

45% % 
40% % 
15% % 

49% % 
57% % 

26% % 
19% % 

26% % 

56% % 

.04 4 

.018 8 

.000 0 

.001 1 

.000 0 

.002 2 

.000 0 
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Tablee 3: School outcome compared 

Schooll Performance 
Att age level, no assistance 
Moderatee school problems* 
Inn special education 

betweenn the three 

Normal l 
Groupp n=61 

399 64% 
211 34% 

11 2% 

groups s 

Singlee Disability Multiple Disability 
Groupp n= 27 Group n= 68 

155 56% 
99 33% 
33 11% 

155 22% 
344 50% 
199 28% 

p-value e 

.000 0 

**  Moderatee school problems: in a grade at appropriate age level with special assistance or in a grade below age level 

higherr in this group (1 child for speech and language problems and 2 children for 

behaviorall  problems). Within the multiple disability group, half the group had moderate 

schooll  problems while the proportion of children in special education was much higher. 

DISCUSSION N 
Almostt half of the group of children in our study, who were born at less than 30 weeks 

gestationall  age, showed disabilities in more than one developmental domain at 5lA years of 

age.. Already at this early age, many children were in special education, repeated a grade or 

neededd special assistance at school. Lower birth weight, BPD and poor developmental 

outcomee at the age of two years was associated with disabilities in multiple domains. 

Thee proportion of premature born children in this study diagnosed with cerebral palsy 

(10%),, performing poorly on cognitive (8%) or motor tests (16%), or showing more problem 

behaviorss according to their parents (17%) and teachers (18%) is similar to the proportions 

foundd in other outcome studies.2 5 The fact that 80% to 90% of the children received 

scoress in the normal range for each domain separately could easily lead to the conclusion 

thatt the majority of these high risk children are functioning at the same level as their full 

termm born peers. However, our results show that only 39% of the children obtained scores 

Legendd table 2: 
**  Data are presented as n (%) or as mean  standard deviation. Differences in mean scores and proportions 

betweenn the 3 groups are analyzed using ANOVA or Chi-square test 
tt Premature Rupture Of Membranes 
$$ Respiratory Distress Syndrome 
§§ Oxygen requirement at 36 weeks postmenstruai age 
III  Ultrasound findings were classified according to severity of brain damage (for details see earlier reports.Ifl ) 
11 Mental Developmental Index 
***  Psychomotor Developmental Index 
f tt Developmental problems at 2 years were identified as neurologic problems such as moderate or severely 

abnormalityy of tone, or posture and movement leading to (minor) functional impairment and/or to a minor 
delaydelay in motor development; and/or a MDI Score <84; and/or a PDI Score <84; and/or a total behavior problem 
scoree >60. 
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inn the normal range on all four developmental domains. Moreover, almost half of the 

groupp (449c) obtained scores below the age norm in two or more developmental domains 

whichh shows a less favorable outcome. These multiple disabilities already affect daily 

functioning,, which is reflected in the high proportion of SVi-year-old children with school 

problemss (569c). 

Ourr follow-up percentage was very high (999c). All children were divided in one of 

thee three groups based on the available outcome measurements. Three outcome measures 

(intelligencee test, motor performance test and neurological assessment) were obtained 

forr all 156 children (1009c). Behavior questionnaires by parents or teachers were 

completedd for at least 90% of the children. The missing data were treated as 'no disability' 

inn the behavioral domain to prevent overestimation. This influenced the classification 

off  the children only slightly since behavior questionnaires were more often not completed 

forr children who were included in the multiple disability group (10/15: 67%). In the 

normall  group, only one child (1/15:19c) was included of whom information on behavioral 

outcomee was missing. 

AA high proportion (45%) of the children in the multiple disability group had normal cerebral 

ultrasoundd findings, while 48% of the children in the normal group had mildly abnormal or 

abnormall  ultrasound findings. This finding demonstrates that there is no simple relation 

betweenn early visualized brain damage and later outcome. Major brain damage (like 

periventricularr leucomalacia, subcortical leucomalacia, grade III hemorrhage) is predictive 

forr later outcome, whereas minor neurological signs have been found in many children with 

normall  ultrasound scans.25 

Inn our study group, disabilities were found more often in the neurologic domain (45%) 

thann in the other three domains (23-29%). Disabilities in the neurologic domain were not 

accompaniedd by motor problems in all cases and vice versa. This indicates that both methods 

measuree different aspects of functioning and both examinations are needed to obtain a full 

picturee of a child's neuromotor (dis)abilities.2s The finding that motor disabilities always 

occurredd together with disabilities in other domains illustrates the presence of comorbidities 

mostt clearly and emphasizes the need for multidisciplinary assessments.26 Twenty-five 

percentt of our study group showed motor disabilities, and for this group evaluation of 

otherr domains seems to be obligatory. 

Wee have studied outcome in four developmental domains, which included most aspects 

off  the functioning of children. However, the fact that 34% of the children in the normal 

groupp had moderate school problems (special assistance or in a grade below age level) 

mightt indicate that our instruments were not comprehensive or sensitive enough. Language 

development,, for example, was not measured sufficiently as is demonstrated by the child 
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includedd in the normal group that still needed special education for speech and language 

problems.. Another explanation for this finding might be the use of corrected scores for 

prematurity,, which influenced the IQ scores especially. Children were also included in the 

normall  group when their IQ scores were just above the lower limit of the normal range. 

Agee correction in the Netherlands is usually not applied when school starts at four 

yearss of biological age. Grade retention should then not be considered a sign of school 

failuree in all children, as it is often recommended in children who are considered too 

playfull  and not yet ready for learning (pre-) academic skills. It is possible that parents 

andd teachers of preterm born children recommend grade retention easier than parents 

andd teachers of full term born children. However, our finding that already 15% of the 

childrenn were in special education at 5Vi years of age, which is much higher than the 1.3 

%% of the Five-year-olds in the normal population27, indicates that school problems are 

indeedd often present. Most of these children were referred to schools for moderate learning 

disabilitiess such as mild mental retardation or behavioral problems. The finding that 

manyy children experienced disabilities in multiple domains suggests that referral to 

speciall  education wil l further increase when basic education is continued and children 

learnn academic skills, such as writing, reading, and arithmetic. In a nation-wide cohort 

off  very premature and very low birth weight children born in 1983 in the Netherlands9, the 

proportionn of children in special education increased from 12% at the age of five years to 

19%% at the age of nine years (versus 7% of nine-year-olds in the normal population27) and 

too 30% at the age of 14 years (versus 5% 14-year-olds in the normal population27).28 In this 

cohortt children were included with older gestational ages (<32 weeks and/or <1500 gm 

birthweight)) than in our cohort (gestational age between 25 and 30 weeks). 

Ourr findings indicate that follow up studies aiming to evaluate outcome should examine 

children'ss performances in multiple developmental domains and present an overall outcome 

picture.. Outcome results based on separate developmental domains are an underestimation 

off  the children's problems. Disabilities in two or more domains are associated with early 

schooll  age failure. 

Thesee findings emphasize the need for multidisciplinary follow up to identify children 

withh disabilities in several developmental domains. 
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