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ABSTRACT

Aim To study development and growth in relation to Newborn Individualized 

Developmental and Assessment Program (NIDCAP®) for infants born with a gestational 

age of less than 30 weeks.

Methods Developmental outcome of surviving infants, 25 in the NIDCAP group and 24 

in the conventional care group, in a prospective phase-lag cohort study performed in a 

Dutch level III neonatal intensive care unit (NICU) was compared. Main outcome measure 

was the Bayley Scales of Infant Development-II (BSID-II]) at 24 months corrected age. 

Secondary outcomes were neurobehavioral and developmental outcome and growth at 

term, 6, 12 months and 24 months.

Results After adjustment for group differences and known outcome predictors no 

differences were seen between both care groups in BSID-II at 24 months. At term age 

NIDCAP infants scored statistically significant lower on neurobehavioral competence; 

motor system (median [IQR] 4.8 [2.9-5.0] vs. 5.2 [4.3-5.7], p = 0.021) and autonomic 

stability (median [IQR] 5.7 [4.8-6.7] vs. 7.0 [6.0-7.7], p = 0.001). No differences were seen 

in other developmental outcomes. After adjustment for background differences, growth 

parameters were comparable between groups during the first 24 months of life.

Conclusion At present the strength of the conclusions to be drawn about the effect of 

NIDCAP on developmental outcome or growth at 24 months of age is restricted. Further 

studies employing standardised assessment approaches including choice of measurement 

instruments and time points are needed.
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INTRODUCTION

Preterm infants are at risk of poor developmental outcome due to both their immature 

and inadequate organizational system and being early in the hostile extra uterine 

environment.1-5 The environment of the Neonatal Intensive Care Unit (NICU), with 

its constant noise, light, and activity is completely different from the intrauterine 

environment and challenges the preterm infant during a phase of rapidly evolving and 

vulnerable brain development. In general preterm infants discharged from the NICU’s 

show more developmental delay compared to their full term peers.6-8 More than 50% 

of these preterm infants appear to have minor deficits such as visual-motor integration 

problems, motor impairment, attention disorders, hyperactivity, speech and language 

delay, behavioural problems and learning disabilities.6-10 Severe developmental problems 

are encountered in only a minority of preterm infants.6-10

In an effort to improve developmental outcome, attention has shifted towards 

neuroprotective strategies and early neurodevelopmental support. Against this background 

the Newborn Individualized Developmental Care and Assessment Program (NIDCAP) has 

been designed in order to create a NICU environment that minimizes stress experienced by 

the infant. NIDCAP involves sequential, formalized, naturalistic observations of the infant 

prior to, during and after caregiving procedures.11,12 Moreover, the infants’ behaviour 

enables the observer to assess the infants’ efforts to cope with the environmental stimuli 

and to facilitate his development.

Previous systematic reviews of randomized controlled trials and cohort studies13-15 

found limited evidence for the benefit of NIDCAP on neurodevelopment up to 24 months 

corrected age. No major adverse events have been reported. The aim of the present study 

was to examine growth and neurodevelopmental outcome up to 24 months corrected 

age in preterm born infants after NIDCAP as compared to conventional care in a Dutch 

NICU.  Recently we reported on their short-term medical outcomes.16

METHODS

A prospective phase-lag cohort study in a level III NICU of the Emma Children’s Hospital / 

Academic Medical Center in Amsterdam, the Netherlands was performed. The first phase 

(control phase) concerned a prospective cohort study of neonates receiving conventional 

care (August 2001 until January 2002). This phase was followed by a NIDCAP introduction 

phase during which five nurses were NIDCAP trained and certified as NIDCAP observers. 

All other NICU nursing and medical staff was introduced in theoretical principles and 

practical skills necessary to be able to apply the intervention.16 After this introduction 

phase a second cohort of neonates receiving NIDCAP was studied (October 2002 until 

April 2003).
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Infants born before 30 weeks of gestational age were consecutively included after 

parental informed consent. Infants with congenital abnormalities or with congenital 

infections were excluded as well as infants with parents who were not able to communicate 

in either Dutch or English. The study was approved by the Research and Ethics Committee 

of our hospital.  All children alive at NICU discharge were followed for development and 

growth up to 24 months corrected age (Figure 1). The design of the study as well as the 

short-term medical findings have been described in more detail elsewhere.16

Conventional and NIDCAP Care

The conventional care group received the standard care practiced at the NICU at that 

time. This included primary care nursing, overall encouragement of skin-to-skin holding 

(kangaroo care), promotion of breastfeeding, early use of clothing in the incubator, use 

of sheepskins, hammocks, provision of pacifiers and stuffed animals or toys. Keeping a 

diary was also common habit. Parents were motivated to take part, as much as possible, 

in daily care procedures. NIDCAP group infants received adjustment and individualizing 

of care and environment based on the results of the Naturalistic Observation of Newborn 

Behavior (NONB), a behavioural observation method in NIDCAP.11,12 The infant was 

observed before, during and after a caregiving activity, like suctioning, diaper change, 

feeding session or blood sampling by a NIDCAP certified nurse. The observer had no 

interaction with the infant. The observed behaviour was subdivided into five subsystems; 

autonomic, motor, state, attention/interaction and self regulatory system. In the case 

report following the observation the infants’ current ability to organize and modulate the 

five subsystems was assessed and described. Moreover, current goals of the infant and 

care giving recommendations to support the individual infants’ development were given. 

Each observation started within three days after birth and was repeated every seven to 

ten days or when major changes occurred. The NIDCAP intervention lasted as long as the 

infant stayed in the NICU.

Developmental outcome

Main developmental outcome was the Bayley Scales of Infant Development-II (BSID-II) 17, 

18 at 24 months of corrected age. Furthermore, BSID-II at 6 and 12 months of corrected 

age was applied as secondary outcome as well as the Neonatal Behavioral Assessment 

Scale (NBAS)19 at term age, and the Touwen examination20 at 6, 12 and 24 months.

All assessments were performed during routine follow up visits at the out patient clinic 

and were performed by the same experienced assessors (child physical therapist [NBAS], 

neonatologist [Touwen] and child psychologist [BSID-II examination]).

Bayley Scales of Infant Development-II (BSID-II)

The BSID-II includes a Mental Developmental Index (MDI) and Psychomotor Developmental 

Index (PDI). These indices have been standardized to a mean of 100 and a standard 
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deviation of ± 15. Subnormal (mildly delayed) and abnormal (significantly delayed) 

development are defined as being present when the total score is <85 (- 1 SD) or <70 (- 2 

SD), respectively.18

Infants received the lowest possible score if either PDI or MDI assessment was disrupted 

due to the infant’s behaviour and if more than four items were omitted as a result. Since 

Dutch or European norms were lacking at the time of assessment the American norms 

were used for scoring.18

Neonatal Behavioral Assessment Scale (NBAS)

The NBAS evaluates the infants’ autonomic stability, motor organization, state organization 

and attention/interactive capacities with a seven cluster scoring method. Each cluster is 

scored on a nine-point scale (possible range 1-9 points), where a higher score represents 

a more optimal performance.19 The cluster on reflexes consists of 18 different reflexes and 

the score reflects the total number of abnormal reflexes (possible score range 0-18 points).

The scoring of the NBAS includes seven supplementary items but the “Emotional 

Response of the Examiner” item was omitted in this study. The supplementary items 

are constructed to measure the quality of the infant’s performance and capture the 

more subtle signs of stress that may not be detected by the standard scale items. Each 

supplementary item is scored on a nine-point scale (possible score range 1-9 points), a 

higher score represents a more optimal performance.19

Touwen examination

The Touwen neurological examination addresses five neurological domains: tone and 

posture, muscle power, reflexes, co-ordination and balance, and involuntary movements. 

Neurological findings are classified as normal, mild abnormal or abnormal neurological 

function.20 Abnormal development was defined as severe abnormality of tone, posture 

and movement leading to a functional impairment and /or delay in motor development. A 

mild abnormal development was defined as a moderate abnormality of tone, posture and 

movement leading to a minor functional impairment or a minor developmental delay.

Growth outcomes

Weight, height, and head circumferences were measured at term age and at 6, 12, and 

24 months of corrected age.

Statistical Analysis

Because of rapid changes in infant development at young ages, BSID-II scores of young 

infants (0-18 mo) show low test-retest reliability and high intrasubject variability. As a 

result, changes in our subjects’ performance due to the intervention cannot easily be 

discerned at these young ages.17,21 Therefore, primary analyses are focused on the BSID-II 

outcomes at 24 months of corrected age. Moreover, BSID scores are generally considered 

the gold standard for psychomotor development and are the most frequently used 
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measures of developmental outcome. For the other outcomes and time points descriptive 

analyses are performed.

Continuous variables are expressed as means, standard deviations (SDs) and ranges 

in case of normally distributed variables and as medians and their interquartile ranges 

(IQRs) in case of a non-normal distribution  Chi-square statistics (Fisher’s exact test when 

appropriate) and the Student’s t-test or the Mann Whitney U-test, when appropriate, 

were applied for group comparisons. Multivariate linear regression analysis (with stepwise 

forward selection strategy) was employed to study the effect of type of care on BSID-

II scores at 24 months of age adjusted for well-known confounders (i.e. birth weight, 

gender, surfactant, postnatal steroids, sepsis/meningitis, cranial ultrasound findings, 

maternal age, ethnic origin and occupational status). These variables were entered next 

to the type of care in a second step with forward selection strategy, using F-statistics with 

p=0.05 on the criterion level for inclusion. To examine differences in growth outcomes 

over time between both type of care groups we used linear mixed model analysis with the 

restricted maximum likelihood estimation method. The mixed procedure allows analysis 

of all available information of all patients, thus including patients with incomplete data.

All statistical analyses were performed with SPSS 12.0 software (SPSS, Chicago, IL, 

USA).

RESULTS

At 24 months corrected age, 24 out of 26 infants in the conventional care group and 24 

out of 25 infants in the NIDCAP care group were still alive (Figure 1). Two infants of the 

conventional care group died within 14 days of life, treatment was withdrawn because 

of their poor neurological condition. The proportion NICU stay, i.e. the length of being 

exposed to NIDCAP care in relation to the total length of hospital stay amounted to 57.3% 

(range 22.0% - 100%, SD 25.1%) as compared to a proportion of NICU stay of 51.2% 

(range 16.0% - 100%, SD 24.1%) in the conventional group, did not differ statistically 

significantly (p = 0.363). One infant in the NIDCAP group died of sepsis at seven weeks 

post term. This infant was included in analyses at term age only. Not all infants showed 

up at all follow up assessments in the outpatient clinic (Figure I).

At inclusion the NIDCAP and conventional group were similar with respect to social 

economical status but differed with respect to some neonatal characteristics (Table 

1): NIDCAP infants had a significantly lower birth weight, were more often small for 

gestational age, had a smaller head circumference and were less often multiples compared 

to the conventional care group. None of the NIDCAP infants presented with cerebral 

haemorrhage at inclusion as compared to four neonates of the conventional group 

(grade 1 or 2 haemorrhage). During NICU stay less severe cranial ultrasound findings 

were seen in the NIDCAP group, also after adjustment for the observed differences in 
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Figure 1 Follow Up Profile of the Study Participants

background characteristics. The respiratory support period was significantly shorter for 

the conventional care group; however this difference disappeared after adjustment for 

differences in background characteristics. These findings have been elaborated in our 

earlier report on short-term medical outcomes.16
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Table 1 Characteristics of surviving infants and their parents

Conventional group
(N=24)

NIDCAP group
(N=25)

p

Baseline

Gestational age (wk) 28.5 (26.0-29.9, 1.1) 28.3 (25.6-29.9, 1.2) .452

Birth Weight (g) 1162 (760-1465, 174) 1043 (615-1325, 191) .032

Length at birth (cm) 36.9 (27.0-41.5, 3.3) 5.8 (30.0-39.0, 2.4) .093

Head circumference at birth (cm) 26.0 (21.8-28.0, 1.6) 25.3 (21.5-29.7, 1.8) .025

SGA (<P10) 2 8 .042

Apgar Score (5 min) 8 (5-10) 9 (3-10) .137

Gender (male) 14 9 .121

Multiples 14 6 .016

Sectio Caesarea 6 11 .167

Antenatal Steroids 18 16 .414

NTISS

 (score of 1st 24 hours of life) 25.3 (11 – 31, 4.8) 24.6 (17 – 37, 5.1) .210

Cerebral Haemorrhage

 (gr 1,2/gr 3,4) * 4/ 0 0/0 .035

During Hospitalization

Respiratory support† 22 (2-134) 53 (0-406) .021

Days on Ventilator 3.5 (0-26) 3.0 (0-36) .738

Surfactant 15 14 .647

Postnatal Steroids 5 3 .408

NEC 1 3 .322

PDA 9 12 .462

Sepsis and/or Meningitis 8 9‡ .846 

CLD¶ 6 11 .167

Cranial ultrasound findings 11-6-2007 17-7-2001 .048

 normal-moderately abnormal-

 severely abnormal§ 

ROP (≥ stage 3) 1 0 .307

ABBR (refer) 3 1 .282

Days on NICU 38 (9-99) 49 (13-123) .131

Social Economical Status

Mean maternal age (yr) 30.4 (21-39, 4.5) 31.8 (16-40, 5.6) .221

Maternal ethnic origin: Western 20 19 .529

Maternal Education Level||

 Low-Middle-High 3-16-5 3-13-9 .349

Mother working 18 17 .592

Family status of two parents 24 21 .043 
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BSID-II

No differences in MDI or PDI scores were seen between the NIDCAP and conventional 

care groups at 24 months of corrected age, neither at 6 or 12 months, both for mean 

scores as well as for proportions classified as (sub)normal and abnormal (Table 2). In 

both care groups the greater majority had (sub)normal BSID-II scores up to 24 months of 

corrected age.

Also after adjustment for well-known predictors of developmental outcome (see 

methods section), no differences were observed in PDI or MDI at 24 months corrected 

age between both care groups.

NBAS and Touwen

At term age, the infants’ neurobehavioral competence differed between both care groups 

on the NBAS. Infants in the NIDCAP group scored significantly lower than the conventional 

group regarding the clusters motor system (median [IQR]: 4.8 [2.9-5.0] vs. 5.2 [4.3-5.7], 

p = 0.021) and autonomic stability (median [IQR]: 5.7 [4.8-6.7] vs. 7.0 [6.0-7.7], p = 

0.001) (Table 3). The habituation cluster was omitted because the optimal state for the 

administration of the habituation cluster is a sleep state and most of our infants were in a 

drowsy or awake state. On three of the six supplementary items the NIDCAP group scored 

significantly lower: quality of alertness (median [IQR]: 4.0 [3.0-5.0] vs. 5.0 [4.0-6.5], p = 

0.025), cost of attention (median [IQR]: 5.0 [5.0-5.0] vs. 6.0 [5.0-7.0], p = 0.004), and state 

regulation (median [IQR]: 5.0 [4.0-6.0] vs. 7.0 [5.0-8.0], p = 0.018) (Table 3).

Neurodevelopment according to Touwen was classified as normal in the majority of 

infants in both the NIDCAP and conventional care group at 6, 12 and 24 months of age 

(Table 2).

Growth

A significant increase with time for all growth parameters was seen. After correction 

for their respective baseline values, no significant differences in the course over time 

of weight, height and head circumference were observed between both type of care 

groups.

Values are either number of patients, mean (range, SD) or median (range)
*Before day 3 of life
† Respiratory support = total days ventilator, continuous positive airway pressure or nasal prongs
‡2 infants ≥ 3 periods of sepsis
§ normal: no haemorrhage and no ischemia and no ventricular dilatation; moderately abnormal: 
a grade 1 or 2 haemorrhage and/or a grade 1 ischemia and/or a grade 1 ventricular dilatation; 
severely abnormal: a grade 3 or 4 haemorrhage and/or a grade 2 or 3 ischemia and/or a grade 2 
ventricular dilatation
|| Education level: Low < high school, Middle = high school, High > high school 
NEC = necrotizing enterocolitis, PDA = patent ductus arteriosus, CLD = chronic lung disease, ROP = 
retinopathy of prematurity, ABBR =  automated auditory brainstem response

Legend to Table 1 Characteristics of surviving infants and their parents

85

Chapter 6

proefschrift Joke.indb   85 10-3-2008   9:43:59



Table 2 Developmental outcome at different ages corrected for prematurity

6 months

CV
(N=22)

NIDCAP 
(N=23)

p

Touwen

normal (n) 16 20

mild abnormal (n) 4 3 .175

abnormal (n) 2 0

BSID-II*

Psychomotor Developmental Index † 81.8 (17.6) 74.6 (14.1) .094

(sub)normal (n) 18 15 .446

abnormal (n) 4 8

Mental Developmental Index† 88.6 (11.8) 90.9 (8.4) .393

(sub)normal (n) 21 22 .627

abnormal (n) 1 1

*Bayley Scales of Infant Development-II
† value represent mean (SD)

Table 3 Neurobehavioural Outcome at term age

Conventional group
(N=21)

NIDCAP group
(N=25)

p

NBAS median (IQR ) median (IQR )

Cluster scores

Orientation* 4.1 (3.6- 5.4) 3.9 (2.3- 4.9) .229

Motor system* 5.2 (4.3- 5.7) 4.8 (2.9- 5.0) .021

Range of state* 4.0 (2.9- 4.1) 4.0 (3.4- 4.3) .376

Regulation of state* 4.8 (3.5- 5.3) 4.8 (3.9- 5.9) .364

Autonomic stability* 7.0 (6.0- 7.7) 5.7 (4.8- 6.7) .001

Reflex score† 2.0 (1.0- 3.0) 3.0 (1.0- 5.0) .068

Supplementary items*

Quality of alertness 5.0 (4.0- 6.5) 4.0 (3.0- 5.0) .025

Cost of attention 6.0 (5.0- 7.0) 5.0 (5.0- 5.0) .004

Examiner’s facilitation 5.0 (4.0- 6.0) 5.0 (4.0- 6.0) .435

General irritability 5.0 (5.0- 5.5) 5.0 (4.5- 6.0) .510

State regulation 7.0 (5.0; 8.0) 5.0 (4.0- 6.0) .018

Robustness/endurance 5.0 (4.0- 6.5) 4.0 (3.0- 5.5) .063

IQR, interquartile range 
* possible scoring range 1-9
† possible scoring range 0-18
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DISCUSSION 

In this study in very preterm infants, we did not observe a significant difference between 

NIDCAP and conventional care in mental or psychomotor developmental outcome at the 

corrected age of 24 months compared to conventional care as measured with the Bayley 

Scales of Infant Development-II. At term age NIDCAP group infants were still autonomic 

and motor (NBAS) less stable compared to conventional care infants. No differences 

were seen in the neurological status (Touwen) or growth parameters during the first 24 

months of age.

The long-term developmental effect of the NIDCAP intervention has been evaluated 

and summarized by others.13,14,22-26 However different times of measurement and different 

versions of the BSID scales were used.22-26 Only one study assessed developmental 

outcome at 24 months and used BSID-II26 as we did. No differences were seen in mental 

and psychomotor development as in our study.

Two previous meta-analyses of studies on developmental outcome up to 9 to 12 months 

did not show a significant benefit of NIDCAP compared to conventional care.13,14 Results 

of individual studies included in this meta-analyses however, were conflicting; two studies 

reported a beneficial effect of NIDCAP on both mental and psychomotor development 

and one study reported benefit on mental development only.23-25 Yet, another study 

could not detect a favourable effect of the NIDCAP on both mental and psychomotor 

development up to 12 months.26

12 months 24 months

CV
(N=24)

NIDCAP
(N=21)

p CV
(N=20)

NIDCAP
(N=22)

p

18 18 17 22

5 1 .232 1 0 0.90

1 1 2 0

79.2 (15.6) 79.7 (12.5) .982 74.5 (13.1) 80.7 (15.3) .117

18 17 .577 12 17 .142

6 4 8 5

82.8 (12.6) 87.0 (10.7) .299 90.1 (16.6) 86.1 (14.7) .267

21 21 .872 18 19 .653

3 3 2 3
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Interestingly, similar developmental outcome of NIDCAP infants at 24 months of age as 

compared to conventional care infants was observed despite their more fragile condition 

as reflected in their lower NBAS scores at term age. Post hoc analysis was performed to 

correct for this difference in autonomic and motor stability, however this did not change 

the results. If an infant‘s autonomic stability is weak as the respective NBAS score of 

the NIDCAP group suggests (median (IQR) 5.7 (4.8-6.7), possible score range 1 to 9, 

this will also be expressed in lower scores in other NBAS clusters, since a certain level of 

autonomic stability is requested to perform well in the other clusters. The differences in 

NBAS scores could not be attributed to well known confounders, since these differences 

persisted after adjustment for these confounders in post hoc analyses. Also the fact that 

in the NIDCAP group three infants were still admitted to the NICU at the time of the 

NBAS assessment as compared to one infant in the conventional group could not partly 

explain the observed differences since exclusion of these children from the analysis did 

not yield a different picture (data not shown).

We also found no differences in neurological outcome during the first 24 months of 

age between both care groups as measured with the Touwen test. There appeared, more 

infants in the conventional group with (mild) abnormal scores, however study numbers 

are too small to allow inferences. Since the Touwen test is not suited to detect minor 

or subtle neurological abnormalities, this may have left possible differences undetected. 

Comparison of our NBAS and Touwen results with others is not possible because other 

studies on the developmental outcome of NIDCAP did not include these instruments. 

Regarding growth outcomes information of previous NIDCAP studies is limited to 9 

months follow up, no differences were reported.22,27

As we elaborated in more detail in our previous report16, the present study suffered 

from a non-randomized comparison and the small number of infants, so the possibility of 

a type 2 statistical error cannot be excluded. On the other hand, a phase lag design has 

the advantage over a parallel group design that the risk of spill over to the control group is 

avoided. As we previously pointed out16, NIDCAP is a complex intervention, so compared 

with drug trails.  In addition the fact that neonates are discharged from the NICU to 

different referral hospitals which vary with respect to the amount of developmental care 

offered, compromises the evaluation. For this reason other methodological approaches, 

such as qualitative research and continuous quality assessment benchmarking may help 

to evaluate the benefits of developmental care.28,29

All together the above mentioned issues restricted the strength of conclusions that 

may be drawn at present about the effect of NIDCAP on developmental outcome or 

growth at 24 months of age. Therefore, there remains a need in this area for further 

well-designed studies in sufficient numbers. In order to enhance the generalisability 

and comparability of neurodevelopmental outcomes and to facilitate meta-analyses, a 

standardised assessment approach including choice of measurement instruments and 

time points is needed. Additionally further psychometric evaluation and adaptation of 
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instruments is necessary to improve their measurement properties. Future studies should 

also address cost-effectiveness of NIDCAP.
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